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preface 


Motion  sickiR’ss  cotitiimes  to  be  a  significatil  operational  problem  in  the  armed  forces  of  the  NATO  Countries.  Aii 
sickness  degrude.s  operational  efficiency  and  raises  the  cost  of  flight  training  programmes  by  causing  delays  in  training  and 
higher  attrition  rales,  With  the  introduction  of  surface  effect  ships  that  can  achieve  speeds  up  to  8U  knots,  sea  sickness  is  also 
expected  to  be  a  considerable  problem.  In  the  US  Space  Shuttle  Programme,  space  motion  sickness  has  become  a  major 
operational  concern,  Nearly  50''/o  of  the  sliuttic  crew  members  have  experienced  .some  symptoms  of  motion  sickness. 

In  recent  years,  some  progress  has  been  made  in  identifying  etiological  factors  that  contribute  to  motion  sickness  and  in 
treating  motion  sickness  with  pharmacological  and  dcsensitization  techniques.  The  goal  of  this  symposium  was  to  provide  an 
opportunity  for  this  new  information  to  he  presented  and  discussed  in  ways  that  would  be  of  direct  operational  benefit.  This 
objective  was  clearly  met  and,  in  addition,  areas  in  which  further  laboratory  investigation  is  essential  were  identified. 
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TECHNICAL  EVALUATION  REPORT 
by 

Dr  James  R.Lackncr 
Professor  and  Head 

Ashtoa  Graybict  Spatial  Orientation  Lalxrratory 
Brandcis  University 
Waltham,  MA  02254 
USA 


1.  IMmOPUCTIOlt 

Th*  Aaroipac*  Hadical  P«n«l  SyaipoaluB  on  "liotlon  Slckaiinn  i  MnchuiiM»i  Fxndiction,  Prnvnntlon, 
and  Traataant"  van  bald  in  WillianabuTg,  Virglniai  USA  on  5  and  4  May,  1984.  Taanty-ona  individual 
papart  vara  dalivarad  that  ara  pcaaantad  bara  aa  an  ACAKS  Confaianca  Ptocaadingl.  Thata  papara  con- 
carnad  aotioa  aicknaaa  on  aaai  land,  in  air,  and  in  apaca  and  covarad  all  four  of  tha  confaranca'a  ru¬ 
brics. 


2,  SYHPOSIUM  THBa 

Tha  Syaposiua  addraasad  tha  coutinuiag  oparational  inportanca  of  notion  aicknasa  in  tha  Air 
Vorcca  and  Itavias  of  tha  HATO  countriaa.  Baphasia  waa  alao  placad  on  tha  groving  Inportanca  of  notion 
sicknasa  at  an  aapaet  of  tha  Spaca  Adaptation  Syndrona  in  tha  first  aavaral  days  of  orbital  flight. 
Individual  papara  daalt  nitb  thata  thaaiat  fron  tha  parapactivat  of  naurophyaiological  cautaa  of  notion 
ticknaaai  pradiction  of  auaeaptibility ,  incidancaa  of  air.  aasi  and  apaca  sicknata,  pbamacological 
and  bahavioral  tachnir)uat  for  daeraaaing  auaeaptibility,  and  adaptation  and  biofaadback  tachniguat  for 
traating  airtick  pilot  tiAinaaa. 


3.  HmroSE  AMD  BCQgE 

tha  goal  of  tha  Synpoaiun  vas  to  provida  aa  opportunity  to  ditaaninata  infomation  about  xacant 
advaacat  that  hava  baan  nada  vithin  tha  laboratory  and  in  oparational  tattiuga  conuaming  tha  natura 
and  etiology  of  notion  ticknaat,  pradiction  of  notion  aicknaaa  auaeaptibility  for  diffarant  anpoaura 
enditiona,  pbantacological ,  adaptation  and  biofaadback  taebniguaa  for  pravanting  or  analiorating  no¬ 
tion  aicknaaa,  and  tha  incidanca  of  notion  aicknaaa  in  diffarant  axpoaura  anvlroiwaata.  Tha  aalaction 
of  topics  vas  such  as  to  allov  eonparison  of  traataanta  and  aalaction  procaduraa  across  diffarant 
countriaa  and  tha  opportunity  to  incorporata  laboratory  findings  into  oparational  aproachas  to  tha 
problans  of  aalaction,  pravantlon,  and  traatnant. 


4.  SWOBIUM  PROSMAM 

Tha  program  includad  tvanty-ona  papara  that  fall  into  fiva  genral  catagorlaa:  Physiological 
Machanisas  of  Motion  Sicknass,  aicknass  in  Motion  Simulators,  Bahavioral  and  Phamacologictl  Countar- 
aaaaures,  including  Biofaadback,  Space  Motion  Sicknasa,  an'.  Prediction  of  Suacaptibility. 


S.  TECHHI.CAL  EVALUATIOM 

Motion  sicknasa  is  an  immanaoly  eonplicatad  topic.  It  vaa  not  possible  with  the  relatively  small 
number  of  papers  prasantad  and  tha  brief  duration  of  tha  symposium  to  daal  with  tha  problsm  both  in 
depth  and  ranga.  Conaaguantly,  the  range  of  topics  to  ba  diacuaaad  bod  baan  narrowed  to  include  those 
of  moat  immadlate  operational  concern. 

Physiological  Machanisma  of  Motion  Sicknasa.  Millar  and  Wilson  (paper  21),  prasantad  ovldanca 
a)  that  vomiting  could  still  ba  alicitad  in  anisMla  after  lesions  of  tha  uvula  and  nudulua  of  tha 
caraballun  and  b)  that  using  alactrical  stint lation  tbsy  could  not  localisa  a  vomiting  cantor  in  the 
brain  stua.  Thasa  observations  call  into  direct  guaation  accepted  baliafs  concarning  the  naurophysio- 
logical  causes  of  motion  sicknass.  They  sra  signally  important  in  showing  that  tha  physiological 
basaa  of  motion  aicknaaa  ara  avan  lass  wall  known  than  thought  bafort  and  that  graat  concacn  mutt  be 
devoted  to  cherecteristice  of  tha  tait  eituatiou,  a.g.  type  and  ranga  of  provocativa  atimuli,  dura¬ 
tion  of  atimolntion,  and  to  astabliahing  tha  character  and  axtant  of  laniona  in  akparimantal  anlnals. 

Insight  into  tha  rola  of  vaatibular-viaual  intaractiona  in  tha  alioitution  of  motion  aickntta  in 
oat  and  tquirral  sunkty  uaa  providtd  by  Daunton,  at  tl  (pnpar  31).  They  ahovtd  that  In  thasa  animalt 
as  in  nan,  vlaunl  stimulation  alona  can  aliclt  wtion  aicknass.  Intaraatlngly,  animals  most  aansitlva 
to  such  visual  atimulatiou  vara  ganarally  alao  moat  auaceptlbla  to  combinad  vlauo-vaatibular  atlsuila- 
tion.  This  obtarvatlon  haa  ralavance  both  for  davaloping  auaeaptibility  taats  aa  wall  aw  physiologi¬ 
cal  thaorlaa  of  tha  rola  of  vitual-vaatlbular  couvarganat  in  notion  aicltatta  and  ipatlal  oriantation. 
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Pr«dictLon  of  Sutceptibility.  S«ven  p«per8  (25-31)  dealt  with  poBalble  psychologicel  and  phytio- 
logical  correlatea  of  auaceptibility  to  cc.r»  air,  aaa,  and  apace  eickneaa.  No  relationahip  vae  found 
between  cardiovascular  changes  and  motion  slckneaa  auaceptibllity  and  incidence  of  car  aickneas 
(Vogel,  25).  Although  correlational  analyses  suggest  that  individuals  vho  show  greater  head  and  trunk 
movement  when  stepping  in  place  tend  to  be  more  suaceptible  (Clausscn,  26),  files,  at  al  (27)  studying 
correlates  of  chronic  sea  sickness  found  as  others  have,  too,  that  nystagmus  snd  seniation  cupulograas 
are  not  dlscrlnlnativa  nor  it  the  time  constant  of  nystagmus  decay  after  impulse  deceleration. 
However,  they  found  that  the  susceptible  lubjecte  tandad  to  hava  greatar  labyrinthine  asymmetries  dur¬ 
ing  caloric  stimuLation  and  tended  to  be  more  visually  dspandant  in  a  tilting  room.  These  findings 
point  to  the  greater  tendency  for  underlying  vestibular  abnormalltias  in  the  chronically  susceptible 
subjects  and  accordingly  a  greater  dependence  on  visual  cues  for  maintaining  postural  balance. 

Lenta  et  al  (29)  and  Hlxon  at  al  (30)  described  the  long-term  efforts  of  the  U,S.  Navy's  Aeros¬ 
pace  Medical  kascarch  Laboratory  in  developing  predictors  of  a^r  aicknssa  snd  in  idsntifying  ths 
training  situations  where  aickneas  uauslly  occurs.  There  are  many  important  obsarvationa  from  these 
studies  including  that  most  sickneaa  occurs  in  basic  training  in  VIP,  that  aalf-ratlngs  and  instructor 
ratings  of  motion  aickneas  are  vary  wall  correlated.  Motion  aioknasa  history  qustionnairea  and  «  var¬ 
iety  of  provocative  susceptibility  teats  involving  different  pattarns  of  otolithic,  canalicular,  and 
visual  atlmulatioD  also  correlate  with  auscoptibility  to  air  aickaasa*  However,  the  corralaclona  era 
not  large  enough  to  use  the  procedures  as  selection  determinants.  Important  charactaristica  of  useful 
aelection  procedures  vara  alao  Idantifled  in  these  papers:  a)  genaraliaability  of  the  test, 
b)  generation  of  few  falsa  positivaa,  c)  brevity,  d)  Inexpenaiveneae,  and  a)  with  large  populations, 
tha  capability  of  decreasing  the  atraaaor  and  with  small  populations  of  increasing  it  to  make  it  sMre 
like  an  operational  situation.  Lagar  at  al  (31)  presented  evidence  suggesting  that  auaeaptiblLity  to 
air  aicknesa  may  be  related  to  the  intensity  of  illusory  motion  experlencad  during  Coriolis  stimula¬ 
tion,  a  finding  that  cumplemants  Reason's  suggestion  that  suacaptibility  may  be  related  to  the  dura¬ 
tion  of  sensory  af cer-eff sets  bacausa  of  an  increased  slope  of  psychophysical  functions  relating  per¬ 
ceptual  magnitude  and  sensory  stimulua  magnitude,  auggaating  in  Eeaaon's  terminology  greatar  "recep¬ 
tivity"  In  susceptible  subjects. 

Motion  Sickness  has  become  a  significant  operational  concern  in  tha  Unltad  States'  STS  shuttle 
program.  Reschke  et  al  (26)  prasanted  a  comprehenalve  analyaia  of  tha  problem  and  a  sumautry  of  their 
extensive  experimental  program  to  identify  predictive  teste  of  auaceptlbillty  to  apace  motion  sick- 
neas.  As  part  of  this  goal,  they  have  used  ground  baeed  testa  to  measure  sutceptibility  to  motion 
aickneas  during  exposure  to  various  combinations  of  provocative  visual,  canalicular,  and  otolithic 
stimulation,  they  have  alio  maasured  vestibulo-ocular  reflex  phaae  and  gain,  and  postural  ataxia.  The 
raaulta  of  these  procedures  have  been  correlated  with  sueceptibllity  to  aM>tion  sickness  during  para¬ 
bolic  flight  maneuvers  involving  alternate  periods  of  microgravity  and  macrogravity.  None  of  the 
correlationa  was  sufficiently  great  to  juetify  rejecting  the  use  of  any  of  the  ground-based  pro¬ 
cedures!  Many  females  were  included  iu  tha  population  evaluated  and  it  is  important  to  note  that  sys¬ 
tematic  differences  in  sutceptibility  were  not  present  batveen  mslae  and  fmaales,  daspite  tha  popular 
balief  that  fMles  era  mora  suscupcible  than  mau. 

Together  the  flndingi  of  the  papers  in  this  series  can  be  taken  to  indicate  that  a)  tbare  are  no 
simple,  highly  reliable  ground-based  tests  of  see,  elr»  or  epsce  sickness,  b)  that  there  ere  few,  If 
any,  reliable  psychophysioLogicil  correlatea  of  vution  sickness  susceptibility  In  the  normal  popula¬ 
tion,  and  c)  that  susceptibility  to  motion  sieknese  during  exposure  to  provocative  stimulation  impli¬ 
cating  one  combination  of  receptors 'or  receptor  aystams  My  not  ba  highly  correlated  with  susceptibil¬ 
ity  to  stimulstion  of  different  receptor  eystmas  or  even  tba  same  receptor  systmas  stimulated  at  dif¬ 
ferent  frequencies.  In  short,  it  is  unlikely  that  a  simple  test  cf  motion  sickness  susceptibility  can 
be  useful  Cor  more  then  one  'W)tioo  enviroument"  and  an  adequate  assessment  of  susceptibility  for  • 
particular  motiou  environment  will  require  more  than  one  test*  Xn  tha  case  of  space  motion  ilckncsr, 
tha  full  range  of  provocative  charscteriatico  of  microgravity  have  yet  to  be  determined {  as  a  conse¬ 
quence,  the  development  of  predictive  tests  is  especially  difficult. 


Motion  Simulators.  Surface  effect  ships,  largely  supported  on  sir,  that  can  attain  speeds  up  to 
80  knots  will  soon  be  commonplece.  Anderson  et  el  (38)  have  simulated  the  heave,  pitch,  and  roll  mo¬ 
tion  components  in  the  range  to  be  expected  in  thcee  ships,  0.05-1. 5Hb»  snd  measured  movements  both  of 
the  wave  motion  simulator  and  the  subjects'  heeds.  These  findings  are  important  in  shoving  that  when 
tha  amplitude  of  spectral  compoaenta  near  0.16  Us  Lncresees,  the  liklihood  of  emesis  also  inertases: 
In  addition,  when  subjects  experienced  nausea  they  also  exhibited  increased  lateral  bead  svay  -  the 
reason  Cor  this  is  not  known. 

Kennedy  et  al  (34)  provided  e  eompreheuaive  susueary  of  infomatioo  about  sickness  in  flight  simu¬ 
lators.  Several  importstit  conclusions  can  ba  mdde  :  almulmtor  sickness  is  motion  sickness,  more  ex¬ 
perienced  aircrew  are  more  likely  to  experience  sickttHSSp  negative  transfur  to  flight  is  possible,  ex- 
posuro  frequency  and  duration  are  important,  and  the  greater  the  fidelity  of  simulation  the  more  lika- 
ly  sicknaaa  will  be  elicited. 

From  these  papers,  it  is  aviUaut  that  simulators  will  continue  to  be  useful  in  treining  and  that 
it  is  valuable  to  use  simulators  as  experimental  tools  Cor  making  pradictions  about  susceptibility  to 
motion  sicksness  under  operational  oonditious. 


Countermeasures  to  Airsiekaesa.  The  symposium  ves  particularly  valuable  in  allowing  a  comparison 
of  techniques  that  are  being  i  to  treat  airsicknais  in  flight  tvaining  programs  in  the  United  King¬ 
dom,  The  Federal  Republic  of  Germany  and  the  United  Utatas.  Stott,  et  al  (40)  described  the  RAF  pro¬ 
gram  on  desansitisstioD  which  is  a  two  part  program  involving  ground-based  and,  Later,  in-flight  expn 
sure  to  progressively  etressful  levels  of  vestibular  stimulation.  Prior  to  ^981  r>nly  one  form  of  ves¬ 
tibular  stimulation,  Coriolis  cvoss-coupled  angular  acceleration  was  used,  since  then  two  additional 
patterns,  vertical  oscillation  and  angnlar  oscillation,  have  also  bsen  used.  The  success  rate  of  the 
program  -  measured  in  Cams  of  return  to  active  flying  ves  70X  before  1981,  and  fi4X  in  19S1-1983.  No 
onu  who  applied  for  the  program  between  1981  and  1983  waa  denied  access  and  there  is  excellent  persis¬ 
tence  of  training.  Rlofeadback  is  not  part  i>'  tha  training  program. 

The  Oeemen  program  for  treatioa  airaickneaa  (Kemmier  et  al  41)  alao  baa  an  excallent  succeaa 
rate*  8inca  greater  swpbasla  waa  placed  on  uaing  aelection  criteria  for  participation  that  atraaa 
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strong  Aptitude  for  flying  and  gr«i«t  Motivation  th«  auccoaa  rate  has  raachad  67Z*  Lika  tha  RAF  pro** 
groa,  it  nakai  uae  of  'Vaitibular  difanalLixaLioa"  training  by  axpoaing  aubjacta  to  prograstively 
greater  level#  of  provocative  vestibular  stiaulation.  In  addition,  it  incorporatea  physical  fitnesa 
training,  relaxatioa  training,  cognitive  pre^triinisg,  and  •alf*-controL  aaiugaHfat*  It  docs  not  uss 
biofaadbsck* 

Jonas  and  Hsrtasn  (42)  described  the  U8AF  progree  for  biofeedback  creataent  of  airsick  crev 
acaberi.  This  progroa  places  greet  oapheils  on  pre-acreesing  candidates  for  bigh-^tivetiou,  provid- 
ing  psychiatric  intervievs  and  counselling,  giving  candidates  training  in  bov  to  perfora  relaxation 
exercises,  and  training  then  CO  use  biofeedbsek  to  control  their  physiological  rsaponses*  Candidates 
are  treated  by  exposing  then  to  progreieively  greater  levele  of  Coriolie  atinulatiou  in  a  biaxial  ro¬ 
tating  chair  vhile  they  are  provided  biofeedbaek  about  several  of  their  physiological  cesponaes  to  the 
Coriolis  stressor*  Kerlier  work  in  this  progr«  ueing  e  different  type  of  vestibular  otiaulation  and 
not  involving  biofeedbaek  had  a  lucceae  rate  of  approxiaately  40Z*  Since  the  Incorporetion  of  pro¬ 
gressively  stressful  Coriolis  stinulation  end  biofeedbeck,  the  euccess  rate  has  been  approxiaatsly 
75X. 

The  features  that  ere  coaaon  to  all  three  progrsae  are  the  relience  on  progreaslve  exposure  to 
provocative  veatibulsr  stiaulstion  and  the  aaphasia  on  tha  iaportanca  of  high  Motivation  in  the 
treinees*  The  slightly  higher  succesi  rates  of  the  UAJF  and  Ceiaan  deseneitixation  progroas  conpared 
to  the  USAF  progrea  are  likely  due  Co  Che  use  of  acre  effective  vestibular  edaptation  paredigas  in¬ 
volving  additional  foras  of  vestibular  stlaulation  besidet  Coriolis  crois-coupled  angular  accelera¬ 
tions.  Vo  conclusions  rhout  the  relative  contribution  of  biofeedbeck  in  preventing  air  sickness  cec 
be  dravn,  the  USiLF  progrea  is  a  treetaenC  rather  than  on  experiaental  progm  and  control  coisparieons 
were  not  aade.  It  is  possible  thet  if  biofeedbeck  had  been  uaed  as  part  of  the  RAF  and  Geraen  pro- 
groas,  their  success  rates  vould  heve  been  even  better* 


Space  Kotlon  fiicknesa,  Veluable  iaforaetion  vee  presented  by  Uoaick  et  al  (36)  on  space  notion 
sickness  in  STS  flights  1-9,  and  by  Cbien  et  el  (35)  and  Money  et  el  (33)  on  action  sickneee  in  Spt- 
celab  1*  Froa  evaileble  evidence  obtained  in  STS  1-9,  it  appears  that  apace  motion  sicknese  a)  haa 
siailer  propartias  to  terrestrial  motion  licknese-axcapt  that  pallor  is  less  coaaon,  preeiBiably  owing 
to  the  rostral  redistribution  of  body  fluids  in  orbital  flight  bacauae  of  the  ebsence  of  hydrostatic 
pressure  in  the  circulttovy  system,  b)  is  evoked  by  heed  and  body  aoveaenta,  c)  is  largely  over  by 
aiasion  day  4,  sad  d)  tends  to  be  helpsd  by  sntlaotion  sickness  drugs  (Uomlck  et  el  36). 

Excellent  In-flight  charseterisetion  of  syaptoa  development  end  expression  vet  obCeinsd  in  fips- 
celeb  1«  Head  noveaents,  aapeeially  haad  aoveaente  in  pitch,  tendad  to  elicit  eyaptoas  and  astronauts 
spoatsneously  reduced  their  heed  aovsasata  for  the  first  several  days;  evan  after  three  or  four  days 
vigorous  head  movsaants  atill  ilicitsd  ayaptoas  and  roll  head  uDveaents  produced  oecillopsie;  rapid 
voalting  occurred  but  the  astronauts  always  hod  other  ayaptomi  of  motion  sickness  beforehand;  as  with 
terreatritl  motion  licknoss,  vomiting  brought  symptomatic  ralisf  for  acme  period  ofterverds;  no  evi¬ 
dence  was  apparent  for  fluid  ebifti  being  an  important  etiological  factor  in  apace  eiokneas  (Oman  et 
4l  35). 

Money  at  al  (33)  attempted  to  correlate  for  the  8pacelab  1  astronauts  thair  pro-flight 
motion-sioknasi  auscepLlbility  test  scores  on  four  provocative  teat  conditions  with  their  in-flight 
sueceptibility*  Littlecorrtlation  was  apparent;  end  their  observations  point  to  the  difficulty  of 
atteapting  such  correlations  under  operational  conditions,  e*g*  the  nceiber  of  participants  is  email 
and  it  is  difficult  to  rink  order  in-flight  sueceptibility  when  activity  levels  ere  different  end  oa- 
tiaotion  sicknesi  drugs  ere  being  taken  on  different  ecfaedulos.  An  important  finding  froa  Spacelab  1 
end  froa  8X8  1-9  le  that  motion  eiekness  was  not  experienced  after  return  to  Earth*  Moreover,  the  es- 
tronsuts  seemed  less  susceptible  post-flight  than  pro'tiigbt  to  several  forms  of  provocstivs  vestibu¬ 
lar  etiaulatiott  (cf*  Uoaick  et  el  36;  Money  et  al,  33;  and  Oman  et  al  35). 

Evidence  for  the  nature  of  the  changes  in  vestibulsr  sad  vestibulo-ocular  function  that  occur  in 
nlcrogravity  and  that  may  be  related  to  apace  Motion  sickness  vss  svaileble  from  observations  in  8pa- 
celab  1  and  psrsbolic  flight  sxpariaents*  Von  Bsumgsrtsn  et  si  (37)  found  during  the  EL-l  aission 
that  thresholds  for  linear  acceleration  were  elevated  in-flight  and  that  ocular  counter rolling  vss  de¬ 
creased  post-flight*  This  pattern  euggsets  a  decreeee  in  gain  of  CHS  processing  of  otolith  inforai- 
tlon  sa  edsptstion  to  the  space  environment  proceeds*  8cme  nystsgaus  responses  to  ixi-flight  csloric 
irrigition  were  slso  found  Inter  iu  the  aission,  but  the  wschauisa  for  this  raseius  unesrtein.  Using 
psrsbolic  flight  maneuvers  to  create  Gi  verieciona,  Vesterhauge  et  el  (24)  found  on  upward-beating 
nystagmus  at  high  foxce  Isvels  end  a  alight  downward  bsetlag  nystagaua  in  OC;  both  vers  inbibitsd  by 
visual  fixation.  The  presence  of  these  nystagmus  pettsrus  points  to  changes  in  oculomotor  fuactiou  in 
the  space  envitoumeot,  as  does  the  further  finding  by  Veaterbeuge  et  al  that  the  latency  of  aaccedic 
eye  movsmeDts  incresse  iu  free  fell  relative  to  lO  tnst  conditions.  Rslsted  studies  by  Leakntr  end 
Grsybiel  (22)  indicate  that  the  apparent  magnitude  and  the  elicitation  of  motion  aieknass  by  Coriolis 
cross-coupled  angular  accelerations  are  highly  gravitoinertial  force  dependent,  OQ  test  conditions  are 
much  less  stressful  sad  provocative  then  2G  conditions  for  constant  levels  of  Coriolii  stimulation. 
This  finding  provides  on  explanation  for  the  decreased  in-flight  susceptibility  of  the  Skylab  sstro- 
nsuts  to  Coriolis  stlmulstion  in  the  Skylab  H-131  experiment. 

It  is  clear  froa  the  evidance  presented  at  the  Symposium  that  space  motion  sickness  is  likely  of 
multiple  etiological  origins,  that  it  has  similar  charactsristics  to  other  forms  of  motion  sicknsss, 
sad  that  it  will  likaly  prov*  as  rsfraotory  to  prevention  end  treatment  as  motion  sickness  has  under 
operational  conditions  on  land  anii  aes,  end  iu  sir. 


6*  COMCLUBIOMH 


The  Symposium  despite  its  brevity  wee  extremely  iucceeeful  in  delineating  our  current  knowledge 
of  Motion  sicVxisia  under  terreetriel  and  space  conditions*  The  principal  conclusions  from  the  topics 
covered  include: 


6.1  Understanding  of  the  physiological  mecboaismi  responeible  for  the  elicitation  of  motion  sioknasa 


U 


lean  advanced  than  generally  believed* 


6.2  There  ii  little  relatioaahip  between  paychological  end  P*ychophyeiulogicel  varUblen  end  euacep-* 
tibility  to  notion  lickneae. 


6,3  Spece  motion  eickneae  aeona  to  be  elicited  by  heed  aovcnenta  in  microgrevity  end  eppeera  to  heve 
ainilar  cherecterietica  to  motion  aickneee  obaerved  under  terreatriel  cunditiona* 


6. A  "SiauLetor  aickneia^'  eppeera  to  be  e  form  of  motion  eickneos. 

6*5  Progreaa  for  treating  eir  alck  flight  cendidetee  ere  echieving  quite  good  aucceaa  retea. 


7,  RECOMMEMDATIONS 


7.1  Virtually  ell  eepecta  of  motion  aickneee  end  how  to  deal  with  it  mecheniane,  contributing  etio¬ 
logical  fectorii  predictive  teata  of  eueceptibility ,  phyeiologicel  correletea,  edeptetion  -  require 
additional  intenalve  Inveatigetion.  Our  knowledge  ie  quite  restricted  at  preeent  deepite  many  yeara 
of  atudy. 


7*2  It  would  be  valuable  every  several  yeara  to  hold  additional  meetings  on  aiotion  aickneaa  to  allow 
monitoring  of  progreaa  and  reaaaeaameat  of  goala. 
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MeurO[)hy:;iologica]  Correln1:i!S  of  Motion  Sickness;  Role  of 
Vcstibuloci'i'ebollum  and  "Vomitinp,  Center"  Reanalyzecl 

AJ.in  n.  Miller  and  Victor  .1.  Wilson 
Tlie  Rockefeller  University 
1230  York  Avenue 
New  York,  NY  10021  USA 


SUMMARY.  Unexpected  findings  were  obtained  regarding  (1)  the  role  of  the  nodulus  and  uvula 
of  the  veBtibulocerebellum  in  veatibular-induced  vomiting  and  (2)  the  existence  of  a  read¬ 
ily  identifiable,  discretely  looalix.ed  "vomiting  canter".  Sinusoidal  electrical  stimula¬ 
tion  of  the  vestibular  labyrinths  of  decerebrate  cats  could  produce  vomiting  and  related 
activity  similar  to  that  observed  during  motion  sickness.  These  symptoms  occurred  in  ani¬ 
mals  with  lesions  of  the  posterior  cerebellar  vermis  that  included  the  nodulus  and  uvula, 
indicating,  by  analogy,  that  these  structures  are  not  essential  for  the  development  of  many 
symptoms  of  motion  sickness  in  intact  animals.  In  a  second  series  of  experiments,  electri¬ 
cal  stimulation  of  the  brainstem  was  used  in  an  attempt  to  localize  a  "vomiting  center"  to 
a  restricted  anatomical  region.  Vomiting  proved  difficult  to  produce;  a  "vomiting  center", 
stimulation  of  which  evoked  readily  reproducible  results,  could  not  be  identified. 


INTRODUCTION 

Our  current  concept  of  the  neurophysiological  correlates  of  motion  sickness  is  largely 
based  on  work  done  prior  to  the  mid-lSSO's  (reviewed  in  8,h).  In  1966-,  Wang  and  Chinn  or¬ 
ganized  this  body  of  knowledge  and  proposed  that  motion-induced  vomiting  is  produced  by 
Vestibular  signals  that  traverse  the  nodulus  and  uvula  of  the  vestibulocerebellum  and  then 
somehow  activate  the  chemooeptive  emetic  trigger  zone  in  the  area  postrema  which  in  turn 
activates  the  medullary  vomiting  center  (12),  However,  our  recent  experiments  have  raised 
questions  about  both  the  role  of  the  nodulus  and  uvula  in  vostibular-induoed  vomiting  and 
the  presence  of  a  discretely  localized  "vomiting  center", 

besions  of  the  nodulus  and  uvula  have  been  reported  to  prevent  not  only  motion-induced 
vomiting  (1,  2,  12)  but  also  prodromal  symptoms  of  motion  sickness  in  dogs  (1,  2).  Wang 
and  Chinn  concluded  that  lesions  including  only  one  third  to  one  lialf  of  the  entire  nodulus- 
uvula  complex  were  large  enough  to  be  effective  (12).  Wo  re-examined  the  role  of  these 
structures  by  using  sinusoidal  electrical  polarization  of  the  labyrinths  to  mimic  natural 
veetibular  stimulation  in  deoerebrato  oats,  some  of  which  had  lesions  of  the  nodulus  and 
uvula  (6). 

The  generally  accepted  concept  of  a  "vomiting  center"  is  based  on  studies  by  Borison 
and  Wan;^  who  showed  that  vomiting  can  be  produced  by  electrical  stimulation  of  a  region  of 

the  brainstem  of  decerebrate  oats  (3)  and  that  large  lesions  in  this  area  render  dogs  re¬ 

fractory  to  emetic  agents  (11).  Their  affective  stimulating  sites  were  located  in  the 
region  of  the  solitary  tract  arid  nucleus  and  nearby  lateral  reticular  formation,  over  a 
rostral-caudal  distance  of  about  *4  1/2  nun.  In  a  second  series  of  experiments,  we  also  used 
electrical  stimulation  of  the  brainstem  of  decerebrate  oats  in  an  attempt  to  obtain  a  more 
restricted  anatomical  localization  of  a  "vomiting  center"  (7). 

METHODS 

Experiments  were  performed  on  unanesthetized,  decrebrate  adult  cats.  Animals  were 
chosen  at  random,  without  regard  to  their  susceptibility  to  motion  sickness.  Initial  sur¬ 
gical  procedures  prior  to  decerebration  were  carried  out  under  halothane/nitrous  oxide 
anesthesia,  with  the  exception  of  one  cat  that  was  anesthetized  with  Nembutal  (40  mg/kg 

i.p.)  and  decei'ebrated  on  the  day  prior  to  the  experiment.  The  animals  were  held  in  a 

stereotaxic  frame.  Blood  pressure  was  monitored,  and  rectal  temperature  was  maintained 
between  36  and  38  degrees  C.  At  least  2  hours  usually  elapsed  between  decerebration  and 
the  start  of  electrical  stimulation. 

In  the  first  series  of  'experiments ,  oilvor/silver  chloride  ball  electrodes  were  im¬ 
planted  to  stimulate  the  vestibular  labyrinths  of  14  cats.  Stimuli  consisted  of  polar¬ 
izing  currents,  having  as  a  waveform  either  single  sinusoids  (0.2-0. 6  Hz)  or  a  sum  of  10 
sinusoids  (0.035-0.809  Hz')  (13),  which  were  applied  for  an  average  of  about  6  hours  (range 
2  3/4  to  8/3/4  hours).  Current  levels  were  on  average  about  2  1/2  times  that  required  for 
producing  reflexly  induced  eye  movements.  No  facial  inovements  were  observed  which  would 
have  indicated  cui'rent  spread  to  the  facial  nerve. 

Large  lesions  of  the  posterior  cerebellar  vermis  were  carefully  made  in  10  of  these 
cats.  Postmortem  examination  under  a  dissecting  microscope  revealed  that  the  lasions  always 
included  the  nodulus  and  uvula  as  well  as  the  pyramis  and  tuber  and  usually  some  ad:)aoent 
cerebellar  tissue.  Lesions  were  almost  always  complete;  only  occasionally  did  a  small  rem¬ 
nant  of  tissue  remain.  The  extent  of  the  lesion  was  confirmed  in  3  cats  by  examining 
thionin-stained,  parasagittal  sections  (100  ^m)  of  the  brain.  The  lesions  in  these  animals 
were  also  found  to  include  the  caudal  part  of  the  fastlgial  nucleus,  which  was  probably 
affected  in  most  animals,  and  in  i  cat,  the  caudal  part  of  the  nucleus  interpositus  posterior . 

Electrical  stimulation  of  the  brainstem  was  carried  out  in  a  second  series  of  experi¬ 
ments  using  either  glass  mioropipettes ,  pairs  of  enameled  covered  side-by-side  tungsten  elec¬ 
trodes,  or  enamel.ed  bipolar  nichrome  wire  electrodes  identical  to  those  used  by  Borison  and 
Wang  (3).  A  variety  of  stimulus  parameters  and  experimental  procedures  'were  used  in  an  at¬ 
tempt  to  produce  vomiting  (for  details  see  Miller  and  Wilson  (7)),  The  locations  of  selected 
stimulating  sites  were  marked  with  either  Fast  Green  dye  marks  (10)  or  small  electrolytic 
lesions  and  wore  later  visualized  on  thionin-stained,  frontal  sections  (lOO  ^m)  of  the 
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Table  1.  Vomiting  and  related  activity  produced  by  sinusoidal  electrical  polariza¬ 
tion  of  the  vestibular  labyrinths,  in  cats  with  and  without  lesions  of  the  posterior 
cerebellar  vermis  (data  not  listed  sequentially).  Symptoms  observed  indicated  by  +; 
symptoms  occurred  repeatedly  in  the  majority  of  animals  (++). 


Cat 

Posterior 

Cei ebellum 

Vomit 

Retch 

Salivate 

Pant 

Swallow 

Lick 

1 

Intact 

4 

2 

Intact 

3 

Intact 

4 

Intact 

5 

Removed 

44 

44 

6 

Removed 

♦ 

7 

Removed 

44 

4 

8 

Removed 

9 

Removed 

44 

44 

10 

Removed 

♦ 

11 

Removed 

12 

Removed 

13 

Removed 

14 

Removed 

brainstem. 

To  make  it  more  likely  that  electrical  stimulation  would  produce  vomiting,  the  opiate 
antagonist  naloxone  (Fndo  Lab.,  1. 3-3.1  mg/kg  i.v.)  was  administered  to  some  animals. 
Naloxone  was  used  because  it  has  been  shown  to  increase  cats'  susceptibility  to  motion 
sickness  (4). 

RESULTS 

Electrical  Stimulation  of  the  Vestibular  Labyrinths 

Vomiting,  as  defined  by  the  expulsion  of  gastric  contents,  was  produced  by  vestibular 
stimulation  in  3  out  of  14  cats  (Table  1).  Times  from  stimulus  onset  to  the  first  act  of 
vomiting  ranged  from  about  1  to  8  hours.  Related  activity  including  licking,  swallowing, 
panting,  salivation,  and  retching  was  observed  in  4  other  animals.  Symptoms  often  appeared 
in  a  series  of  episodes;  a  maximum  of  7  episodes  of  panting,  swallowing,  and  retching  oc¬ 
curred  in  one  cat  over  a  5  1/2  hour  period.  It  was  not  possible  to  predict  the  optimal 
stimulus  condition  or  duration  required  for  producing  vomiting  or  related  symptoms. 

Unexpectedly,  the  3  cats  that  vomited  all  had  lesions  of  the  nodulus  and  uvula.  Other 
symptoms  were  also  more  prevalent  in  lesioned  animals.  The  extent  of  the  lesion  in  3  cats 
is  illustrated  in  Figure  1. 

Electrical  Stimulation  of  the  Brainstem 

A  total  of  296  tracks  was  made  in  16  cats  in  grid-like  patterns  from  2  nim  caudal  to 
the  obex  to  6  mm  rostral  to  it,  encompassing  the  region  of  the  J'vomiting  center"  as  de¬ 
scribed  by  Borison  and  Wang  (3),  Stimuli  were  applied  at  depth  intervals  of  0.5  mm  or 
less  in  each  track.  Readily  reproducible  vomiting  could  not  be  produced  by  stimulating 
anywhere  in  this  region.  Emesis  occurred  during  stimulation  in  only  3  cats  (Table  2). 

The  stimulation  Sites  at  which  vomiting  occurred  were  not  restricted  to  a  single  anatomical 
structure;  they  were  located  in  the  solitary  tract  and  reticular  formation  ventral  to  it 
(Fi^re  2),  In  contrast  to  these  3  instances  in  which  vomiting  occurred,  numerous  ad- 
ditional  attempts  to  produce  emesis  by  stimulating  in  the  same  region  proved  unsuccessful, 
both  in  cats  that  vomited  and  in  other  animals. 

Emesi  occurred  reproducibly  in  one  cat  immediately  after  the  stimulus  was  turned 
off;  another  anijtal  vomited  spontaneously  while  the  current  was  off.  Prodromal  signs  oi 
vomiting  were  elicited  in  most  experiments  (Table  2). 
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Tabln  2.  Effects  produced  by  electrical 
sequentially  5 .  Observations  indicated  by  +. 
X)i  cat  lU  von.ited  only  when  the  stimulus  was 


stimulation  of  the  brainstem  (data  not  listed 
Cat  15  vomited  spontaneously  (indicated  by 
turned  off  (X). 


Cat 

Vomit 

Retch 

Moutb 

Opening 

Salivate 

Swallow 

1 

+ 

+ 

+ 

+ 

2 

+ 

+ 

+ 

3 

+ 

+ 

+ 

4 

4* 

+ 

+ 

5 

+ 

+ 

4- 

6 

+ 

+ 

4- 

7 

+ 

4- 

B 

+ 

4- 

9 

+ 

+ 

10 

+ 

+ 

11 

+ 

4- 

12 

+ 

4- 

13 

+ 

14 

X 

+ 

4- 

16 

X 

DISCUSSION 

While  the  vestibular  system  has  long  bean  reoogniaed  to  be  essential  for  the  develop¬ 
ment  of  motion  sickness  (8,  9,  12),  the  role  of  some  other  structures  implicated  in  motion 
sickness  remains  to  be  clarified.  We  have  shown  that  a  transcerebellar  pathway  involving 
the  nodulus  and  uvula  is  not  essential  for  vomiting  and  related  activity  that  can  be  pro¬ 
duced  by  electrical  polarization  of  the  vestibular  labyrinths  of  decerebrate  cats.  By 
analogy,  it  seems  likely  that  this  pathway  is  also  not  required  for  the  occurrence  of  many 
symptoms  of  motion  sickness  in  intact  animals.  Rather,  the  nodulus  and  uvula  either  may 
form  part  of  one  of  multiple  pathways  from  the  vestibular  apparatus  to  brainstem  structures 
involved  in  producing  symptoms  of  motion  Eiokness  and/or  may  have  an  important  modulating 
influence  on  these  structures. 

Furthermore,  we  were  not  able  to  obtain  a  restricted  localization  of  a  "vomiting 
center",  despite  our  efforts  to  replicate  the  experimental  conditions  of  Borison  and  Wang 
(3),  If  a  well  localized  coordinating  center  for  emesis  did  exist,  we  would  expect  that 
its  activation  by  electrical  stimulation  would  produce  vomiting  more  reliably  than  we  found. 
The  absence  of  a  readily  identifiable  "vomiting  center"  further  complicates  the  task  of 
determining  how  certain  motion  situations  can  lead  to  activation  of  the  somatic  and  visoeral 
effectors  that  produce  vomiting  and  its  related  symptoms.  In  sum,  our  work  has  indicated 
that  the  neural  moclianisraB  that  produce  motion  sickness  are  not  as  well  understood  as  hafl 
been  assumed. 

This  work  was  supported  by  NASA  grants  NAG216M  and  NSG2380  and  NIH  grant  NS02B19. 
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Figure  1,  Cerebellar  lesions  from  3  cats  illustrated  on  parasagittal  sections  near  the 
widllne.  The  cerebellum  from  a  normal  animal  is  shown  on  the  left.  NoraenoDature  follows 
Larsell  (5).  FN  =  fastigial  nucleus,  PF  a  primary  fissure.  Reproduced  from  Miller  and 
Wilson  (8)  with  the  permisBion  of  the  publisher,  S.  Karger  AG,  Basel. 


♦  0.5"w.  +1.6»m  ♦a.Oinin 


obex.  Retching  was  obtained  in  2  other  animals  at  sites  marked  with  X.  Abbreviations: 
AMB,  n.  andjiguusi  AP,  area  postremaj  CUN,  cuneate  n.;  CX,  external  cuneate  n.  j  DMV,  dorsal 
motor  nucleus  of  vagus;  FTL,  lateral  tegmental  field;  INT,  n.  intercalatus;  10,  inferior 
olive;  LRN,  lateral  reticular  n.;  PR,  paramedian  reticular  n.;  SL,  lateral  solitary  n.; 

SM,  medial  solitary  n.;  ST,  solitary  tract;  VIN,  descending  vestibular  n. ;  5SP ,  spinal 
trigeminal  n.;  12,  hypoglossal  n.  Reproduced  from  Miller  and  Wilson  (7)  with  the  permis¬ 
sion  of  the  publisher,  Elsevier  Science  Publishers  B>  V.,  Amsterdam. 
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B1SCU68IOH 

CUEDRY;  Fl.aafC  coapara  tba  atimuli  uiad  in  your  atudy  and  in  tha  atudy  of  Wang  and  Chinn. 

KILLER:  Both  Baid  and  hit  uollaaugai  (1945,  1947)  and  Wang  and  Chinn  (1956)  taihad  thalr  aniaalt 
uting  avinga,  praauaably  vithout  rautraining  tha  baad  of  tha  aniaal. .  Bard  at  al  awung  thalr  anijnala 
uaing  a  fraquancy  of  0.29  Ha  and  Hang  and  Chino  uaad  0.22  Ua.  thalr  atinuli  would  hava  affactad  both 
tha  atnicircular  canala  and  otolith  organa.  In  our  praparatlon  (Millar  and  Hilaou,  19S3a),  atiaulat- 
ing  alactrodaa  vara  placed  in  tha  vaitibular  labyrlntha  aftar  raaioving  part  of  tha  cochlaa. 
Folariaing  ourtantt  vara  appliad  which  had  a  wavafom  conaiatlng  of  aithar  atngla  ainujoida  (0.2-0. 6 
Ha)  or  a  aua  of  10  ainuaoida  (0.035-0.809  Ha)  (Hilaon  at  al  1979).  Currant  aaplitudaa  wara  aligbtly 
in  axcaaa  of  tha  tbraahold  for  allciting  raf laxly-lnduead  aya  novaBanta.  Btiaulation  of  tbla  typa 
cauaaa  ainuaoidal  laodulation  of  tba  firing  rata  of  priitary  vaatibular  affaranta  (1).  In  our  prapara¬ 
tlon,  affaranta  froa  both  tha  aaniclrcular  canala  and  otolith  organa  wnra  pratuaubly  aodulatad  in  a 
aynchronoua  pattern  that  would  not  ba  axpariaccad  during  natural  vaatibular  atinulation.  Such  an 
unuaual  pattarn  of  affarant  activity  nay  produoa  an  intralabyriuthlna  aanaory  conflict  loading  to  tha 
davalopuaut  of  ayuptoma  of  laotloa  aicknaaa.  1.  Exura  K. ,  Coban  .(.S,,  Hilaon  V.  J.  Raaponaa  of  cat 
aaniclrcular  canal  affaranta  to  ainuaoidal  polariiing  curranta:  laplioationa  fox  input-output  propar- 
tiaa  of  aaoond-ordar  naurona.  J.  Maurophyaiol.  49  (1983)  639-648. 

CLiUJBSEN:  I  oongratulata  you  on  your  findinga.  Tba  raaulta  you  hava  ahown  ara  vary  iaportant 
and  ara  watching  with  our  findinga  in  many  patianta.  Ha  obaarva  aMjor  caraballar  laaiona  and  aoua 
circuuacxibad  brain  atan  Infaretlona  without  affacting  tha  aotlon  aicknaai  ayataai.  ilriaal  of  notion 
aicknaaa  dapanda  on  dynaalc  intarfarancaa  of  diffaraut  apatial  information  precaaaing  ayatua. 

HILLER:  Thank  you  for  your  Intaraating  coaianta.  Ha  too  baliava  that  action  aicknaaa  ia  baat 
axplainad  by  a  aanaory  conflict  theory. 

ORAMPTOM;  Early  notion  aicknaaa  axparinauta  on  tha  cnrcballun  and  area  poatrBa  were  parfomad 
on  doga.  Later  avidanca  controvarCing  early  date  ara  fron  cat.  la  there  a  poaaibility  that  thara  ara 
ipaciaa  diffarancaal 

MILLER;  There  la  no  a  priori  raaaon  why  tha  naural  control  ayatan  for  notion  aicknaaa  abould  ba 
fundanantally  diffarant  in  cata  and  doga.  Parhapa  ia  doge  tba  nodulua  and  uvula  and  area  poatrnaa 
hava  a  nora  iaportant  tonic  facilitatory  influaoca  on  tha  nachaniana  that  product  notion  aidknaaa 
and/oit  parhapa  thaaa  atructuraa  ara  part  of  a  parallal  naohaaiaa  that  ia  nora  iaportant  in  doga  than 
in  cats,  it  ia  alae  poaaibla  that  earlier  Invaatigatora  night  hava  produced  notion  aicknaaa  in  aiora 
of  thair  aninala  if  they  had  uaad  nora  provocativa  atiauli  or  longer  poet  Inaion  axpoaura  parioda. 
Bard  (1945)  connanta  that  awinga  having  a  longtr  rndiua  than  tha  one  ha  uaad  produce  at  laaat  double 
tha  inuidanca  of  voaiting  in  doga.  In  apita  of  not  having  optiaul  atinulua  eonditioni,  Bard  (1945) 
reported  that  out  of  7  doga  with  laaiona  of  tha  nodulua  and  uvula,  2  vonitad  onea  during  poet  laaion 
Caating  and  1  of  thaaa  aolxwla  alao  regularly  lickad  and  aalivatad.  In  regard  to  tha  anatlc  raaponaaa 
of  aniula  following  laaiona  of  the  area  poatraaa,  Haag  and  Chinn  (3)  reported  that  2  out  of  12  doga 
voaitad,  Briaaaa  and  co-werkara  (2)  found  that  3  out  of  8  aquirral  nonkaya  vonitad,  while  Boriaon  and 
hla  collaaguaa  (1)  raeantly  reported  that  4  out  of  5  cata  voaitad  in  conpariaon  to  4  out  of  10  intact 
cata.  In  addition,  you  eau  aaa  Iron  Or.  Clauaaan'a  ronarka  during  tha  dlacuaaion  period  that  he  baa 
obt.alnad  findinga  aiallar  to  oura  with  patianta  havit^  major  caraballar  laaiona  and  oirovnacribad 
braiuatan  infaretlona.  I  would  alao  lika  to  point  out  that  our  attampta  to  obtain  a  raatrictad  ana- 
tcnical  localiiation  of  a  ao-callad  "voaiting  eantar”  wara  oarriad  out  ia  daoarnbrata  cata,  tba  ante 
preparation  uaad  in  Boriaon  and  Hcng'a  original  atudy  (1949).  1.  Boriaon  B.L. ,  McCarthy  L.E, ,  Bori¬ 
aon  R. ,  Mandal  4.K, ,  Pick  T.J.  Motion  aicknaaa  ia  not  pravantad  by  chronic  ablation  of  area  poatraaa 
in  cata.  Ead.  Ftoc.  43  (1984)  504.  2.  Briaaaa  K.R. ,  Ordy  J.K.,  Mahler  H.R.  Effect  of  ablation  of 
araa  poatraaa  on  frequency  and  latancy  of  notion  aicknaaa- induced  anaala  in  tha  aquirral  nonkay. 
Phyaiol.  Bahav.  24  (193C)  949-853.  3.  Hang  8.0. ,  China  H.I.  Exparinantal  motion  licknaaa  in  doga. 
runctional  iaportanra  of  ohanocaptiva  anatlc  trlggac  xona.  An.  J.  Phyaiol.  178  (1954)  111-116. 
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Suoniary 

The  Skylab  astronauts  showad  a  great  decraaaa  in  susceptibility  to  motion  sickneas  during  exposure 
to  Coriolis  cross-coupled  angular  accelerations  when  tested  in  orbital  flight.  In  Cact»  none  of  them 
reached  a  motion  sickness  <^ndpolnt  Inflight  although  sach  of  them  had  preflight.  We  have  been  attempting 
to  determine  whether  this  decreased  susceptibility  is  related  entirely  to  adaptation  or  in  part  to  changes 
In  vestibular  and  sensory-motor  function  that  occur  virtually  Immadiately  in  the  microgravity  conditions 
of  orbital  flight.  To  resolve  this  issue  we  have  tested  subjects  separately  in  the  free  fall  and  high 
force  phases  of  parsbollc  flight  maneuvers  and  maaaurad  1)  susceptibility  to  motion  alckness  during 
Coriolis  stimulation  as  a  function  of  force  level  and  2)  the  perceived  intensity  of  Coriolis  cross- 
couplud  angular  accelerations  as  a  function  of  force  level.  The  findings  are  clear  cuti  subjects  exhibit 
fewer  and  lass  uevete  symptoms  of  motion  slcknsss  when  tested  in  free  fall  than  they  do  for  the  same 
Coriolis  stimulation  In  iG;  they  exhibit  much  earlier  and  much  more  savere  aymptoms  when  tested  in  2G. 
Ratings  of  the  apparent  intensity  of  Coriolis  stimulation  show  the  same  pattern:  subjects  find  that 
executing  heed  movements  in  free  fall  at  a  particular  velocity  of  rotation  Is  much  less  streasful  than 
in  1G\  in  2C»  t.hs  perceived  intensity  and  associatad  discomfort  are  greatly  inemtsad.  We  conclude  that 
part  q£  the  Skylab  astronauts’  Inflight  daorsass  in  susceptibility  to  Coriolis  stimulation  was  related 
tu  alterations  in  vestibular  and  sensory-aotcr  control  that  occur  imaadiately  during  exposure  to  micro- 
gravity  force  levels. 


Introduction 

Ue  describe  here  how  variations  in  gravitoinertlal  force  level  affect  the  experienced  magnitude  of 
Coriolis  cross-coupled  angular  accsleratlons  and  the  elicitation  of  symptoms  of  motion  sickness.  Cross- 
coupled  stimulation  of  the  semicircular  canals  occurs  whsn  a  rotating  individual  mekas  hsad  movemsnts 
out  of  the  plans  of  his  rotation.  The  intensity  of  'stimulation  is  dapendant  on  the  rotary  velocity  of 
tl^  body»  01  i,  the  velocity  of  the  head  movement »  out  of  the  plane  of  body  TOtation»  end  the  ahgle» 

0  I  between  the  0)1  nnd  <0x  axes.  Descriptions  of  the  physical  basis  of  Coriolis  cross-coupling 
ejects  have  been  provided  In  particularly  ueeCul  form  by  Guedry  and  Benson  (I))  Benson  (2)»  Cuedry  (3) 
and  Jones  (4).  Because  of  cross.-couplingf  a  rotating  individual  who  makes  a  head  movan<snt  will  experl*^ 
ence  aberrant  motion  of  his  head  abouil:  an  axis  roughly  orthogonal  to  <tii  and  (at.  For  axampl.i  an  In* 
dividual  vho  tllta  hi*  hand  toward  hla  right  ahouldar  whlla  balrig  rotatad  countarclockwl.a  at  uoiiatant 
valoclty  will  axparlanca  a  terward  pitching  notion  about  th.  tranaver.a  plana  of  hla  haad.  It  haa  long 
baan  known  that  Corlolla  atlmulal Ion, whan  intanaa,  will  allclt  dlarlnaaa,  nauaaa  and  vomiting,  Tha 
ability  to  wlthatand  axpoaura  to  Corlolla  croaa-couplad  angular  accolaratlon  haa  formad  tha  baala  for  a 
taat  of  motion  alckneaa  uuacaptlblllty  that  hna  baan  of  valu.  In  pradlctlng  auacapbiblllty  during  aarlal 
munauvera,  tha  Curlolla  Slcknaaa  Suaceptlbl llty  Index  Taat  or  CSSI  taat  (5)> 

Tha  CSSX  taut  way  one  of  the  procadurea  conductad  aa  part  of  tha  Skylab  M-131  axpurlmant  on  vaatlb- 
ular  function  In  wnlghtlauunasa  (6i7)>  bight  of  tha  ntna  aatronauta  who  purtlclpatad  In  the  thrae  luannud 
Skylab  mlaalona  war*  avaluatad  with  tha  CSSI  taat  prafllght,  Inflight,  and  poatCllght,  Tha  flrat 
Inflight  taata  for  the  dlffarant  aatronauta  took  placa  batwaan  mtaalon  daya  8  and  12.  At  tha  time  of 
their  flrat  Inflight  evaluation  and  during  aubaaquant  inflight  taata,  all  of  tha  autronauta  ahowed  a 
marked  dacreaaa  In  auacuptlblllty  comparad  to  thalr  prafllght  acoraa.  bvon  whan  tha  valoclty  of  tha 
rotating  chair  waa  Incrauaed  bayond  tha  ground-buaad  taat  valocltlaa  to  30  rpm,  all  of  tha  aatronauta 
completed  th«  maximum  poaalbla  nunlbar  of  head  movemantv  In  th*  teat  without  raachlng  n  mutlon  alckneaa 
endpoint)  In  fact,  all  of  than  ware  virtually  oymptom  fraa,  Th*  dacreaaad  auaceptlblllty  of  tha  Skylab 
aatronauta  to  Corlolla  croaa-couplad  angular  accalaratlon*  paralarad  Into  tha  poatfllght  parlod)  only 
ovar  a  parlod  of  daya,  and  avah  In  aoma  caaea  waaka,  did  auacaptlblllty  on  tha  CSSI  taat  gradually  re¬ 
turn  to  prafllght  level  (6,7). 

The  origin  of  tha  dacrioiead  auacaptlblllty  to  crona-couplud  angular  accalaratlona  Inflight  haa 
algnlflcance  for  undaratandlng  tha  etiology  of  apace  motion  alcknaaa  and  for  gaining  Intlghta  Into  tha 
natura  of  vaatlbular  function  In  tha  altarad  gravltolnertlal  condition,  of  apace  flight.  One  quiatlon 
of  Immadlat.  concern  la  whether  tha  dacraaaed  Irif.llght  nuac.ptlbillty  raaultad  from  aom*  form  of 
adaptation  procaaa,  an  adaptation  which  oiica  achlavad  than  paraiatod  for  aoma  parlod  poatfllght  and 
gradually  decayed,  or  whether  It  resulted  at  least  In  part  from  Imawdlata  changaa  In  vaatlbular  function 
related  to  the  effective  lifting  of  tha  0  force  In  free  fall. 

In  an  experiment  relevant  to  this  leau*,  Millar  end  Orayblsl  (8)  found  that  In  tha  frae  fall  phaaa 
of  parabolic  flight  nanauvara  lom*  aubjacts  ehow  a  dacreaaad  auacaptlblllty  to  motion  alcknaaa  during 
tha  CSSI  test  while  other*  show  an  Inciaaye.  Many  Individual*,  however,  ar*  auscaptlbla  to  motion  alck¬ 
neaa  during  parabolic  flight  nanauvara  simply  aa  a  conaaquaiic*  of  expoauie  to  periodic  variations  In 
gravltoinartlal  force  level,  even  whan  they  arc  seated  with  thalr  heada  stationary  In  ralatlon  to  tha 
aircraft.  It  la  not  known  whathar  tha  aubjacta  tasted  by  Millar  and  Orayblal  <B)  who  ahovsd  Incraaaad 
aansltlvlty  on  tha  CSSI  test  are  among  thoea  Individuals  who  are  auscaptlbla  to  notion  sickneas  during 
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(‘xposure  Co  Cho  parabolic  flight  force  variations  independent  of  Coriolis  stimulation,  and  wliether  those 
wlio  allowed  u  ducieased  Busccptibillty  are  insusceptible  to  the  force  variations  alone. 

To  resolve  this  issue  we  have  measured  the  baalc  susceptibility  of  subjects  during  parabolic  flight 
maneuvers  and  then  have  doterminod  how  their  suBceptibllity  to  motion  sickness  during  exposure  to  cross- 
coupled  angular  accelerations  relates  to  gravitoinertlal  force  level.  In  other  assessments,  we  have  had 
subjects  rate  the  apparent  intensity  of  cross-coupling  In  situations  involving  comparable  Coriolis 
stimulation  but  different  gravitoinertlal  force  levels. 

Experiment  1 

Susceptibility  To  Motion  Sickness  During  Coriolis  Stimulation  As  A  Function  of  Gravitoinertlal  Force 

Level 

MaterlalB  and  Methods 

Subjects {  Eight  Individuals  took  part  including  one  of  the  authors  and  seven  college  students  who 
were  paid  for  their  voluntary  participation.  All  had  met  the  medical  requirements  and  undergona  tha 
pliysiologicul  training  procadurea  nscessaty  for  taking  part  in  parabolic  flight  experiments.  Each  hud 
normal  otolithic  and  canalicular  function  at  massursd  by  taste  of  ocular  countarrolllng,  ataxia,  modified 
Fltzgerald'-Hallpike  caloric  irrigation,  and  thrasholda  for  perception  of  the  oculogyral  illusion. 

Subject  Cntettoriaation  Each  subject  was  catagorlzad  in  terms  of  his  susceptibility  to  motion  sick¬ 
ness  In  parabolic  flight  maneuvers.  This  wss  dons  as  follovat  in  one  of  a  subject's  first  two  flights 
ha  was  seated  with  his  head  restrainad  and  his  eyes  covered*  in  the  other  flight  his  head  was  rastralnad 
but  his  eyss  were  open  and  he  had  full  sight  of  tha  aircrafts  Each  of  these  flights  lasted  40  parabola*. 
If  u  subject  scored  a  total  of  between  0  and  4  motion  aicknaas  points  in  the  two  flights*  ha  was  assigned 
to  Category  X  (insusceptible  to  notion  sickness  during  exposure  to  periodic  variations  In  gravltoinartial 
force  Isval;  5-12  paints,  Category  II  (moderately  susceptible);  and  13  or  mora  points  in  Category  III 
(highly  susceptible).  Tha  scoring  system  for  assigning  motion  sickness  points  was  dsvsloped  by  Oraybisl* 
Wood,  Miller  and  Cramar  (9)  and  la  praaented  in  Table  1.  Four  of  tha  eight  subjects  fell  in  Category  I 
and  four  In  Category  Xlli 

Table  I 


DIAGNOSTIC  CATEGORIZATION  OF  DIFFERENT  LEVELS  OF  SEVERITY  OF  ACUTE  MOTION  SICKNESS 


Pathognomonic 

Ma|or 

Minor 

Minimal 

AQS- 

Cataggiy 

14  polnh 

S  paint. 

4  point. 

2  point. 

1  point 

Noumo  lyndrom. 

Vomiting  ar  ralchlng  Nauioa-t  II, 

Ill  Nouim  I 

Eplgoitrlc  dl.comfort  Epigo.tric  owororm. 

Skin 

Pallor  III 

Pallor  II 

Pollor  1 

Fludrlna/Sub|ootlvi 
warmth  ^  11 

Cold  iwaating 

III 

II 

1 

lncrMi«d  Hilvdtion 

III 

II 

1 

Drowilnai. 

III 

II 

1 

Poln 

tlMdacha  ^  II 

Cintral  ntrvoui 

Dluxlniu 

Eytt  cloMd  ^11 

Ey.i  op«n  III 

kav.l.  of  Savtrlty  Idtntifiwi  by  Totol  Point.  Scorad 

Frank  Slcknau 

Savtr*  Maloltn 

Modvrat.  MoIoIm  A  Modarat*  Molal.f  B 

Slight  MolaU* 

(S) 

(M  III) 

(M  II  A) 

(M  IIB) 

<M  1) 

>  )6  polnH 

8-15  point. 

S  -  7  point. 

3-4  point. 

1  -  2  point. 

*AOS  X  Addillongl  (qualifying  lymptsmi. 

t-lll  •  Mv«r«  or 

morkod,  II  *• 

mod.rato,  1  ■  .light. 

A])\'. aratus;  A  aorvo-controlled  Stille  rotating  chair  vao  mounted  ir.  the  mid-region  of  the  fuselage 
of  tlie  Uoeing  KC-135  aircraft  uued  in  our  experimunta. 

Parni^olic  Flight  Profile;  Figure  I  is  a  schematic  illuntratlou  of  Che  flight  pattern  of  the  KC-135 
aircraft  during  parabolic  maneuvers.  The  aircraft  is  flown  In  a  parabolic  path  to  generate  alternating 
periods  of  Increased  gravltolnertial  forcoi  approximately  2G  peak*  end  of  free  fall  (OG) *  There  ere  two 
high  force  periods  in  each  parabola,  and  a  free  fall  period  lasting  approximately  20  sec.  In  our  experi 
ments,  the  aircraft  flies  a  total  of  40  purabolos  during  each  mlaslon.  The  parabolas  are  flown  consecu*- 
tlvely  except  for  turnarounds  to  gain  additional  airspace  or  breaks  to  assist  motlonslck  subjects. 

Figure  1 
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Pr  cocluroi  Kuuh  uubjact  vsh  Cat  tad  uiidar  thraa  conditluna  Involving  clockwlaa  rotation  at  20  rpni 
1)  In  the  lohoratotyi  2)  in  tha  ftca  fall  phnaea  of  parabolic  flight,  and  3)  In  the  high  force  phaaaa  of 
purtibollo  flight.  Xn  thaaa  conditiona,  tha  aub.iact  waa  raqulrad  to  naka  tilting  head  moviiiuinta  to  a  tape 
r uordad  1  baat/a  cadanca.  Tha  aubjact  waa  alwaya  oalatalnsd  at  conatant  velocity  for  at  laaat  60a  bafora 
haad  nova.iianta  wara  Inltlatad.  Ttia  movananta  Involvad  wara  a  variation  on  tha  CSSl  teat  procadurai  tha 
aubjact  vantrlflaxad  hia  haad  forward  in  pitch  until  It  touched  hla  cheat  and  than  doralflaxad  it  until 
it  touched  a  padded  haad  raat:  novanlant  amplituda  waa  90*,  one  cycle  of  novauant  waa  oomplatad  in  2a  for 

a  movannnt  fraquancy  of  ,SHa.  Eight  cyclaa  of  oovanant  wara  carried  cut,  than  there  waa  a  raat  period 

bafora  tha  next  eat  of  movananta,  thia  procadurc  waa  rapaatad  until  either  a  motion  alcknaaa  endpoint  of 
aavara  nauaaa  wua  reached  or  tha  aubjact  had  made  320  cyclaa  of  head  uovauant.  On  tha  ground,  AOa  parloda 
aaparattd  aeta  of  (I  haad  novauant  cyclaa)  in  thn  parabolic  flight  taata,  the  nlnloum  aaparatlon  waa  40- 
4Sa  and  tha  naxliauu  aaparatlon  '-'la  acMtlmaa  aa  long  aa  aavaral  alnutai  or  more  in  tha  case  of  a  turn 
around.  Tlila  nuxlnutt  interval  varied  non-ayatauatlcaXly  aoroaa  aubjacts  and  toroaa  taat  oondltlona.  Xn 
parabolic  flight,  head  movananta  in  tha  nicrogravlty  taat  condttlona  wara  initiated  in  each  parabola  whan 

a  digital  accalaramatar  Indicated  O.OG-  in  tha  high  force  condition,  whan  l.BG  had  bean  attalnad. 

Cround-baaud  laboratory  tasting  alwaya  pracadad  tha  parabolic  flight  avaluatlona,  tha  order  of  aubjact 
taating  in  parubcllc  flight  waa  balanced  acroaa  aubjact  catagurlaa  and  forca  lavala. 
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Reflults 

of  the  subjectu  ehowecl  draitatlcaliy  greater  BUscaptiblllty  to  motion  MicktieBS  during  Corolla 
stimulation  uhen  they  were  tested  In  the  high  force  phase  of  flight  compared  with  their  susceptibilities 
In  free  fall  and  in  the  laboratory.  Horeover.  all  of  the  Category  I  subjects  also  showed  a  marked  de¬ 
crease  In  susceptibility  In  free  fall  compared  with  their  laboratory  results |  two  of  the  Category  Ill 
subjects  also  showed  a  substantial  decrease  in  free  fall  while  two  were  nora  susoeptlbla.  Table  2 
presents  a  summary  of  the  data  In  terms  of  the  total  number  of  motion  sickness  points  scored  and  the 
total  number  of  head  movement  cycles  achieved  according  to  subject  category  and  tost  condition. 

It  Is  notable  that  when  tested  In  free  fell  3  of  the  4  Category  I  eubjects  completed  the  full  320 
cycles  of  head  movemants  without  scoring  any  motion  sickness  points,  the  remslning  Category  I  subject  had 
some  symptoms  but  completed  Che  test.  Only  one  of  these  subjects  hed  completsd  the  320  cycles  of  head 
movements  on  the  ground  and  none  of  them  had  been  aytaptoa  free. 

Table  II 

SUSCEPTIBIhITTf  TO  MOTION  SICKNESS  DURING  EXPOSURE  TO  A  CONSTANT  LEVEL  OF  CORIOLIS  CROSS-COUPLED 
ANGULAR  acceleration  AS  A  FUNCTION  OF  GRAVITOINEHTIAL  FORCE  LEVEL.  THE  AVERAGE  HUMBER  OF  HEAD  MOVEMENT 
CYCLES  COMPLETED  (320  -  MAXIMUM  ENTRY)  AND  THE  AVERAGE  NUMBER  OF  MOTION  SICKNESS  POINTS  SCORED  (16  > 
MAXIMUM  ENTRY)  DURING  TESTING  ARE  INDICATED.  THE  EMESIS  ENTRIES  INDICATE  THE  TOTAL  HUMBER  OF  SUBJECTS 
Vmo  VOMITED  IN  EACH  CONDITION. 


Subjects 

Grtvicolnartlal 

Force  Level 

Head  Movement 
Cycles 

Motion  Sicknaaa 
Faints  , 

EME8XS 

Category  1 

1  G 

186 

8 

0 

(N-4) 

0  a 

320 

2 

0 

2  G 

77 

10 

1 

Category  111 

1  0 

122 

10 

1 

(N-A) 

0  Q 

141 

a 

0 

2  G 

24 

16 

3 

Experiment  2 

Apparent  Intensity  Of  Cerlclls  Stimulation  Ae  A  Function  Of  Oravltolnartlal  Farce  Laval 
Materials  and  Methods 


Subjeotel  Fifteen  Individuals  took  part  including  one  of  the  authors.  All  had  mat  tha  medical 
ragulTamanta  necatsary  for  parabolic  flight  axparlmants  and  were  without  sensory-motor  snomalias. 

Procadurei  Tti*  sums  apparatus  and  aircraft  war*  used  aa  daacrlbad  above  In  ExparlmenC  1.  Prior  tn 
tha  onaet  of  parabolic  manauvars,  the  uubjaot  waa  blindfolded  and  accelerated  et  13*/a2  to  a  constant 
angular  velocity  of  120*/s,  thla  velocity  was  mslntsinad  for  tbs  duration  of  tha  taut.  During  atraight- 
snd-lavol  flight,  the  subject  uuv  required  to  execute  a  total  of  three  rapid  tilting  movamenta  of  tha 
head!  the  subject  tilted  his  head  to  hia  chest  (mavamant  time  approximately  la)  kept  it  there  for  lOe 
end  gradually  returned  It  to  the  upright  avoiding  disturbance.  Tlile  procedure  wan  repeated  twice  more 
while  the  subject  paid  careful  attantlun  tn  the  experienced  magnitude  of  the  Corlolle  forcee  ectlng  on 
hlu  head  during  and  after  the  forward  pitch  movamant  end  the  level  of  eubjactlva  dlacomfort  aeeoolatad 
with  thu  movement.  The  subject  wse  Instructed  to  giva  eecb  of  these  experiences  the  rsfersnee  value  10 
end  to  use  smaller  or  larger  numbers  as  appropriate  to  rate  the  levela  of  croas-coupllng  intensity  and 
dlacomfort  experienoad  during  head  tnovsmanta  in  subaaquant  parabolic  manauvars. 

During  parabolic  flight,  tha  subject  waa  required  to  make  one  cycle  of  head  movamant  In  tha  initial 
high  force  phase  end  one  cycle  In  the  free  fall  phase  of  each  parabola.  Ttie  aubjact  tiltad  hla  head  to 
hlu  chest  in  approximately  Is  kept  It  there  for  10s  and  retiirnad  It  gradually  to  the  "vertical".  Tha 
head  movamants  made  In  lilgh  force  levela  were  initiated  wlisii  a  digital  accalsomatar  Indicated  at  least 
1.80,  tha  low  force  onaa  at  O.OG.  After  tha  completion  of  each  caat  head  movamant  tha  aubjact  gave 
numerical  magnitude  sstlmatas  of  the  crcss-cauplliig  and  thu  dlacomfort  expariancad.  If  there  was  a  turn 
around  parlod  of  atralght-and-laval  flight  during  a  aubject's  test  parabolaa,  ha  was  required  to  make 
an  additional  1-g  force  level,  head  movamant  to  help  maintain  hla  rating  standard.  Tha  subject  waa  taatsd 
until  hs  althar  raachad  a  motl.gn  sickness  endpoint  of  nausea  or  had  rated  .10  parabolaa, 

Resulta 


Tha  axpsrlancad  tuagnituda  of  a  oonetaiit  level  of  Corlolle  orose-coupled  anguler  atlmuletion  was 
highly  dspeiidant  for  each  subject  on  gruvltolnert.isl  force  level.  In  free  fell,  relative  to  stralght- 
and-lsval  flight  there  wee  e  elgnlficent  decreeee  In  ratings  of  apparent  Intensity,  p<.001i  by  oontrast, 
during  exposure  to  high  force  levels  there  wee  a  greet  Inoraeea  In  apparent  Intanaity,  p  <  >001.  Thla 
pattern  was  characteristic  of  evsry  aubjact  and  all  of  them  also  ramarkad  on  tha  great  dlffarances  ax- 
parlancad, 

Tha  eama  pattern  appeared  in  tha  rutlugs  of  ar-'srant  discomfort  aasoolatad  with  heed  movsmente. 

Tha  head  movamants  in  free  fell  wars  reported  to  b  much  lees  atreeeful  then  those  In  stralght-and-levsl 
flight,  and  those  made  in  20  ware  rated  at  much  mut.i  stressful  then  the  10  standard,  p<^  ,001  for  both 


comparlBOns • 


This  pattern  was  characteristic  of  every  subject. 


Table  3  sununarices  the  experiinentnl  findings  for  apparent  intensity  and  for  relotive  stressfulness 
of  croos-coupling  as  a  function  of  gravitoinevtial  force  level. 

Table  III 

HAOMITUDE  ESTIMATIONS  OF  SUBJECTIVE  INTENSITY  AND  STRESSFULNESS  OF  CONSTANT  LEVELS  OF  CORIOLIS 
CROSS-COUPLED  ANGULAR  ACCELERATION  AS  A  FUNCTION  OF  ORAVITOINERTIAL  FORCE  LEVEL.  THE  1  C  TEST  CONDITION 
SERVED  AS  THE  STANDARD  AND  WAS  ASSIGNED  10  AS  A  REFERENCE  VALUE.  STANDARD  DEVIATIONS  IN  PARENTHESES. 

N  -  15. 


GRAVITOINERTIAL  FORCE  LEVEL 

10  0  G 

2  C 

Al’FARENT  MAGNITUDE 

10 

2  (±1.3) 

25 

(13.6) 

APPARENT  STRESSFULNESS 

10 

1  (±1.1) 

28 

(±4.2) 

Dlecineion 


The  raeulte  of  our  two  exparlmenta  ehow  unequivocally  that  the  apparent  intenelty  end  the  relative 
provouativeneee  of  conetent  levels  of  Coriolii  etinuletion  are  gravitoinertial  force  dependent.  This 
finding  provides  an  explanation,  at  least  in  part,  for  the  dacreeaed  luNceptibility  of  the  Skyleb 
aetronaute  whan  taeted  with  the  CSSX  procedure  inflighti  the  aeae  petterna  of  Coriolie  atimulatlon  are 
leae  provocative  in  tree  fell  then  on  the  ground;  accordingly,  in  the  ebeence  of  other  itraeaful  veetib- 
uiar  atinulation.  It  uey  be  expected  that  eetrcneuta  will  be  leee  euaceptible  to  Corlolia  atimulatlon 
after  entry  into  waightleeenaee.  In  addition,  however,  the  continued  dacreeaed  aueceptibillty  of  the 
Skyleb  aatronautu  postflight  ruggeati  that  lomt  form  of  vaitlbulo-motor  adaptation  also  took  place  inflight. 
Wa  have  daacribed  aleewhere  how  end  why  thle  edeptetton  aey  occur  (10) . 

Over  the  pest  few  years,  thirs  have  been  eevere]  Indloatlong  that  vestibular  lespunalvlCy  to  angular 
accaleretlon  ii  gravitolnartlal  force  dependent.  Lackner  end  Oreyblel  (11)  found  that  the  frequtncy  end 
amplitude  of  nyetegnuD  allclted  in  blindfclded  eubjaota  by  conetent  levele  of  angular  acoelaratlon  wera 
dimlniahed  in  fiae  fall  end  enhanced  during  axpoeure  to  greater  then  10  force  leveli.  Bludworth,  Reschke. 
end  Honick  (12).  Vestarheuge.  Kaneaon.  Johansen,  and  Zilstortf  (13).  avid  da  Jong,  Ooaterveld  and  Lavooy 
(lA),  have  recently  made  elmiler  obaarvetians.  Together  theae  findings  suggest  thst  ths  gnin  of  ths 
vestlbulo-acular  rsflax  (VCR)  diolnlshss  In  free  fsll. 

The  present  findings  ut  a  decrsessd  apparent  intensity  and  a  dantaessd  provoustivensss  of  Coriolis 
cross-coupled  etimulstion  of  the  eemicirculer  csnsls  in  free  fall  relative  to  terrestriel  force  levele 
era  in  accord  with  euch  e  dacresea  in  the  VOR.  The  reeeon  for  the  decrease  is  uncertain.  It  has  bean 
suggastsd  thst  the  eemiclrcular  canals  asy  under  some  olroumstencas .  such  as  Z-exls  recumbent  rotation, 
be  aensltlve  to  linear  es  wall  as  engulkr  acceleretions  (15,16).  In  addition,  it  le  wall  established 
that  otolithic  input  can  nodulats  ths  activity  of  celle  receiving  sffarants  from  the  eenlclrculer  csnele. 
(17,18il9i20|2i,22|23,2A).  Thle  letter  poeelbility  seems  at  present  e  store  likely  basis  for  ths  effects 
of  gravitoinertial  force  level  on  rasponelvity  to  angular  acoelaratlon.  In  this  context,  it  should  be 
notid,  too.  thst  Igarsahl  (25)  has  shown  thst  if  the  otolith  organs  era  sblstad,  ths  Intensity  of  pendular 
rotitlon  nystagmus  is  dlnlnlihsd. 

Several  other  factore  may  influence  the  apparent  intenelty  of  Coriolis  croos-coupling  scealsrstions 
In  addition  to  variations  In  otolith  organ  activity  related  to  grevltoinertlal  level.  During  exposure  to 
force  levels  grstter  or  Isissr  than  Earth  gravity,  alterationo  also  occur  in  many  othar  aapteta  of 
sensory-motor  control.  These  include,  for  exempls,  ohenges  In  the  intensity  end  dletributlon  of  touch 
end  pressure  mtimuletion  of  the  body  eurfeoe,  altsratlone  in  proprioception,  end  ohengae  In  the  levels 
end  patterns  of  muscle  activity  associated  with  making  partloulsr  bndy  movaments.  In  the  last  few  years, 
there  has  bssn  incressinti  avidsnea  that  all  of  thaee  faocors  participate  in  s  dynamic  sensory-motor 
csiibrstion  of  the  body  to  tsrrsstrlal  fores  Isvels.  During  exposura  to  non-terrestrlsl  fores  laveis.  s 
variety  of  illusions  occur  during  body  movsmant,  the  character  of  these  illusions  rsvaals  the  oxistsnet 
of  ths  Bsnsory-motor  csllbrstions  thst  othsrslse  would  not  b*  recognised  ss  such  (26.27,28,29.30).  It 
stsms  to  us  quits  likely  that  tha  depandanca  of  the  apparent  Intenalty  of  Corlolia  etlmulatlan  on 
gravitoinertial  force  level  will  be  relitsd  to  these  wide  renging  functionel  ehengas  In  sansory-notor 
osllbretioni  at  well  os  to  alterations  in  the  uuutral  interpretation  of  puttsrns  of  sealclreuler  cenel 
activity. 
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BLES;  V«  know  you  can  Botivatt  tha  vaatibulac  Corolla  aCfacC  by  adding  congruant  aoBatoaanaory 
atinulatlon  in  which  eaia  you  would  dlBluiih  tha  affact,  or  adding  incongcuant  aoBatuaanaory  atlaula- 
tion  which  may  caiult  in  an  nnhancanant  of  tha  Ccriolia  affact.  1  wondax,  if  it  ia  poaaibla  Is  your 
aat-up  to  split  out  what  tha  influanea  of  tha  soBatosasaoxy  infnxaiation  ia  and  what  tha  influanca  of 
tha  otolithic  stiaulation  is} 

UCKMEg!  Tha  story  with  cagard  to  tha  influanca  of  tha  otolith  organa  in  this  aituation  ia  a 
vary  coaplicatad  onaj  in  fact)  X  think  many  invaatigatora  would  bava  pxadictad  just  tha  oppoaita  pat- 
tarna  of  raaulta  that  wa  hava  obtainad.  Va  hava  good  raaaon  for  baliaving  that  in  addition  to  tha 
changaa  in  otolith  activity  thaca  ara  othar  factors  that  changa  during  gravitoinarticl  forca  varia- 
tiona  in  parabolic  flight,  and  contrlbuta  to  tha  pattarna  wa  hava  obaaxvad,  a.g.  tha  loading  of  tha 
haad  on  tha  nack  changaa  and  tha  pattarna  of  nuacla  apindla  taadback  froa  tha  nack  auaculatura  ara  al- 
tarad.  Wa  know,  for  axaapla,  that  by  vibrating  nack  nuaclaa  to  eraata  abnoraal  lavals  of  apindla  ac¬ 
tivity  wa  can  allcit  illusory  changaa  in  haad  poatura.  Tha  point  ia  that  wa  hava  a  aansory  notor  con¬ 
trol  aystan  dynaaically  calibratad  to  IG  and  whan  wa  go  into  high  fotoa  lavala  or  fraa  fall  wa  ara 
altaring  much  nora  than  just  tha  vaatibular  raeapCor  ayataa.  In  fact,  akalatal-auacular  cc'ttrol  and 
tha  propriocaptiva  and  acaatosanaory  ayataaa  ara  also  baing  nodulatad  ayataiatically. 

HILLXk!  I  know  that  you've  alio  raportad  changaa  in  tha  gain  of  tha  vaatibular  ocular  raflax  at 
diffarant  forca  lavals.  Could  you  eorralata  that  with  tha  changaa  you  sat  in  auacaptibility  to 
croaa-coupling? 

LACKMEKi  Tha  changaa  that  wa  saw  in  croaa-coupling  would  ba  in  accord  with  tha  daoraaaad  gain  of 
tha  VOS  that  wa  obaarvad  in  fraa  fall.  Troa  this  standpoint  tha  ralativa  af faotivanaas  of  a  constant 
pattarn  of  angular  accalaration  would  praauably  ha  diainiahad  in  fraa  fall  and  augnantad  in  IC. 

UAVKINSi  1  would  lika  to  ask  about  tha  influanca  of  outaida  visual  rafaranoa  on  tha  affact  of 
Corolia  stiaulation  and  tha  visual  confusion  which  may  follow  it.  lightar  pilots  in  tbair  ccabat 
aanouvara  fra(|uantly  naka  large  haad  aovaaanta  under  vary  high  forca  lavals.  1  raoantly  saw  a  case  of 
a  pilot  who  aada  a  fairly  gantla  pull-up  but  with  a  coaplataly  aapty  visual  fitld  and  ha  couldn't  aat 
hie  inatruaanta  for  tha  naat  30  to  40  sac.  prasuably  dua  to  nyata^us.  Ha  did  not  notica  any  prob- 
laaa  whan  ha  had  a  good  outaida  visual  rafaranoa.  Sid  your  aubjacts  who  wars  waking  haad  aovaaanta 
while  rotating  have  a  claar  visual  rafaranca  or  wara  thay  shut  in  a  cabin  and  unabla  to  aaa  any  out¬ 
aida  horiaon? 

UClUlfK!  Our  aubjacts  vara  blindfoldad.  In  tha  oaaa  to  which  you  rafai.  ona  would  axpact  with 
raduead  visual  rafaranoa  and  roll  haad  aovaaanta  to  gat  a  rotary  nystagaua  that  would  aaka  it  vary 
difficult  for  your  pilot  to  aaintain  claar  viaw  of  tha  inatruaanta,  wbaraaa  with  a  full  visual  field, 
tha  nystagaua  would  ba  aucb  laas.  Trad  Ouadry  daaeribad  an  affact  ssvaral  yaara  ago  that  ha  rafarrad 
to  as  tha  G  axoaaa  illuaion  which  I  think  ia  ralatad  to  what  you  ara  describing.  lasantially  in  tha  G 
axcasa  illuaion  tha  pilot  it  banking  hit  aircraft  and  thara  isn't  aucb  angular  acoalaration  Involvad, 
so  thara  is  vary  littla  crosa-coupling  during  haad  aovaaanta,  but  thara  it  a  graatar  than  noratl  0 
forca  and  this  would  altar  the  gala  of  the  vactibulo-ooular  raflaa,  producing  rotary  nyttagnue  and  ap¬ 
parent  daflaction  of  tha  inetruaMUt  panals  during  roll  haad  aovLaanta. 

GUEDSYs  Tha  oroaa-couplad  vactor  liaa  in  tha  plana  of  rotation.  Bid  tha  haad  aovaaanta  of  your 
tubjaota  ia  parabolic  flight  involve  trunk  aovanant  to  that  a  cantripatal  vector  was  introducadT  Ttia 
cantrlpatal  vector  would  ba  aligned  with  tha  oroai-couplad  vactor. 

LACKSESt  Wa  hava  dona  the  croaa-coupling  ttudloa  both  with  aiaplo  head  tilta  in  pitch,  approxi- 
Bxtaly  90°  aaplituda.  and  with  full  haad  and  torao  pitch  foiwnrd.  Tha  raaulta  are  very  siailar  tor 
the  two  taet  aituationa. 

JOMUs  Why  it  ctoaa-couplad  stiaulation  so  rare  and  to  unprodictablo  in  oparatlonal 
hlgh-parfomanco  jat  flight,  given  the  higb-C  envirocaent  and  the  frequent  heed  etotioni  of  the 
eircrewf 

LACKMEk;  X  think  Tred  Quedry  knowi  aore  about  tble  ieaue  than  anyone  alia. 

GOIOEYs  Moat  naneuvora  in  slreraft  do  not  involve  suetainad  high  tngular  velocity  apine  or  turns 
which  ara  raquitad  to  induct  atreug  croas-couplad  illuaoty  af facta  trna  haad  aovaaanta.  Wowovar,  haad 
Bovaaants  aada  la  a  higta-C  fiald,  2G  and  nbova,  can  produoa  disturbing  illusory  affoota  often  rafarrad 
to  as  'Y:  axeaat"  af facta,  pcatlbly  dua  to  axeaatlva  feadback  froa  the  otolith  ayataa  in  high-G  fields. 
This  was  shown  in  aevnrsl  atudiaa  in  hlgh-tpaad  aircraft  Baking  levtl  higb-0  turns  at  turn  rataa  so 
low  that  Croat  coupled  stiaulation  of  tha  aaaioiroular  canals  would  bo  nagliglblt,  yat  illuaoty  and 
nausaoganic  affacts  wara  producad.  laparianeed  pllota  and  airoraw  undoubtodly  laam  “tha  faal  of 
aanouvort"  and  thair  antioipatlon  of  affacts  froa  haad  aovasauta  ia  higb-G  fialda  aarvs  to  reduce  of- 
footi,  Vf3oti  also  soaatiaat  intallsotually  ovarrida  such  affacts,  a.g.,  an  axparlanead  pilot  ropert- 
od  a  20-30°  noaa  down  attitude  as  a  raault  of  a  haad  aovaant  in  a  20  fiald,  hut  acid  that  ba  was  not 
disoriantsd  bscauaa  ba  knaw  thw  true  coedition  of  the  alreraft,  which  wee  la  a  laval  bank  and  turn. 
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SUMMARY 

10  normal  subjeots  were  exposed  to  Q-foroo  variations  during  parabollo  flights  and 
turns  in  a  SAAB  Supporter  aircraft.  A  vortical  head  drift  accompanied  by  a  vortical  eye 
drift  was  recorded  in  all  subjects.  The  eye  drift  was  most  prominent  during  the  hypar-Q 
phase  of  the  parabolic  raanoeuvrao.  Compensatory  eye  nioveniantB  were  induced  by  horizontal 
head  rotations.  No  statistical  algnlf leant  changes  could  be  demonstrated  in  this  reflex. 
Horizontal  oculomotor  saooades  wore  induced  with  a  visual  dlstanos  of  ±  10°.  A  signifi¬ 
cant  increase  of  the  latency  time  could  be  demonstrated  during  the  weightless  phase  of 
the  parabolas.  It  is  concluded  that  spontanaous  eye  and  head  drift  and  disturbances  in 
voluntary  eye  movements  might  contribute  to  the  dovolopmont  of  motion  sloknosa  during 
oombat  manoeuvres  and  space  flight. 


INTRODUCTION 

During  aviation,  spatial  disorientation  might  appear  whenever  a  linear  acceleration 
of  the  alroraft  interferes  with  the  perception  of  the  gravitational  foros.  Unexpected 
and  contradictory  sensory  cues  might  oauso  motion  sickness.  During  spaoe  missions,  the 
frequent  appearance  of  space  motion  sickness  not  only  affects  the  crew  member's  comfort 
but  interferes  with  their  productivity  and  the  safety  of  the  missions.  The  free  fall 
phase  of  parabollo  flights  is  an  important  tool  for  the  study  of  immediate  physiologi¬ 
cal  reactions  to  weightlessness.  Laokner  &  Graybiol  (1)  wors  the  first  to  report  on  al¬ 
teration  of  the  gain  of  ooraponsatory  eye  movements  alloitod  by  passive  rotation  In  yaw 
during  parabollo  flights.  Later,  our  group  (2)  was  able  to  demonstrate  similar  altera¬ 
tions  in  the  gain  of  oompsnsatory  eys  movements  elicited  by  voluntary  horizontal  head 
rotations.  In  both  studies,  the  gain  dsoreasad  during  hypogravlty  and  increased  during 
hypergravity .  Dludworth  et  al.  (cited  In  3)  found  that  the  gain  of  the  vestlbulo-ooular 
reflex  decreased  both  in  hypo-  and  hypergravity.  The  aim  of  this  study  was  to  observe 
whether  opening  of  the  eyes  in  darkness  affected  the  gain  variations  caused  by  Qz  vari¬ 
ations.  Further,  we  wished  to  study  a  phenomenon  reported  by  von  Bauragarten  et  al.  (4). 
During  rollerooas.ter  flight  vertical  nystagmus  was  observed,  A  vortical  eye  drift  might 
interfere  with  horizontal  eye  movements  and  by  that  influence  the  results  of  studies  of 
horizontal  sys  movement  phenomena.  By  Itself,  a  vertical  eye  drift  might  contribute  to 
sensory  conflicts  and  cause  spatial  disorientation  and  motion  uicknoas.  Vertical  eye 
drift  might  be  elicited  by  a  head  drift  in  the  opposite  direction  and  eervo  as  a  compen¬ 
satory  measure  to  the  head  drift.  Because  of  that,  we  decided  to  do  slmultannoua  reoor- 
dlngs  of  head  and  eye  drift  in  pitch. 

In  most  studies  dealing  with  eye  movements  in  yaw  and  pitch,  eleotro-ooulography 
is  the  method  used  for  eye  movement  recording.  This  technique  is  based  on  the  exiutenoo 
of  the  oorneofundal  eleotrioul  potential.  Variations  in  tho  intensity  of  light  changes 
this  potential  and  makes  it  mandatory  to  perform  oalibrations  in  immediate  relation  to 
tho  experiments.  Calibration  is  performed  by  fast  saccadic  eye  movements  between  light- 
emitting  diodes.  A  disturbance  of  this  voluntary  eye  movement  reflex  might  oontrlbuta  to 
disorientation  during  variations  in  the  Gz  forces.  Our  experimental  setup  made  it  easy 
to  evaluate  this  reflex  in  the  same  procedure.  For  these  reasons  It  beoano  u  speolfio 
part  of  the  present  parabolic  flight  study. 

METHODS 

Ten  subjeots  with  normal  vestibular  pretest  were  Selected  for  the  experiments.  None 
of  them  were  professional  pilots,  but  ell  subjeots  had  some  experience  as  passengers 
in  small  aircrafts.  This  qualification  was  prefered  to  avoid  anxiety  reactions  during 
ths  flights.  A  SAAB  Supporter  aircraft  was  supplied  by  tho  Royal  Danish  Air  Force.  It  is 
doslgnsted  T-17,  In  daily  servloo  it  is  used  as  a  training  and  reconnalsanoe  aircraft. 

It  is  a  snail,  two  seated  propeller  driven  aircraft  well  fit  for  aerobatic  manoouvreH, 

In  each  mission  three  series  of  consecutive  parabolas  were  interrupted  by  one  minute  60° 
turns  with  a  constant  Q-load  of  two  Q.  Oonvanient  pauses  with  straight  and  level  flight 
were  interpolated  between  streSBfull  manoeuvres  aooording  to  the  subjeots 'wishes . 

Horizontal  and  vertical  eye  movoraents  were  recorded  simultaneouely  by  maana  of  super¬ 
ficial  skin  elBctrodos.  DO-amplif ioation  was  performed  with  a  time  constant  of  ten  se¬ 
conds.  Head  movements  in  yaw  and  pitch  were  recorded  by  a  angular  velocity  sensitive  de¬ 
vice  (Ratemetar)  mounted  in  a  firm  head  holder.  Q-load  vae  recorded  by  a  linear  acoele- 
ronoter.  An  instrument  tape  recorder  carried  by  the  aircraft  recorded  tho  slgnelB.  The 
subjects  wors  adapted  to  darkness  by  maana  of  red  glaeses  before  and  during  the  flights. 

During  the  first  sequence  of  five  parabolas  and  one  minute  of  two  Q  load,  the  su¬ 
bjects  were  instructed  to  keep  their  eyes  open  behind  a  cover  and  to  keep  their  heads 
still.  During  the  next  sequence,  tho  aubjoola  performed  horizontal  head  rotations  guided 
by  an  0.4  Hz  frequency  modulated  sound  signal  presented  to  a  set  of  ear  phones  from  a 
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l.npe  rooorrlor.  During  tho  third  and  last  sequonee,  the  cover  was  removed  from  the  eyes 
and  tho  nubjoot!)  fixed  alternatoLy  activated  red-light-emitting  diodoa.  The  duration  of 
each  ntimuJuH  wan  randomized.  The  visual  distance  between  the  two  diodes  was  i  10°  horl- 
■/.oiitally,  Kyo  iiiovoraent  calibration  wan  performed  by  moans  of  the  same  0q>ilpmont. 

After  return  to  tho  laboratory!  data  were  analysed  off-line  from  the  tape  raoerdinga. 
Vortioal  eye  movemonts  appeared  in  the  form  of  vortlCF.1  nystagmus.  Fast  components  wore 
identified  by  a  computer  program  and  removed  from  the  signal.  Slow  oompononts  were  oon- 
nootod  with  each  other  by  extrapolation.  Compensatory  eye  movements  were  analysed  ac- 
oording  to  our  laboratory  procoduro  described  oloewhers  (5).  Results  appeared  as  gains 
and  phaaodhiftB  of  tho  transfer  function  between  head  movement  input  and  ooulomotor  out¬ 
put.  Latanoy  times  of  saooados  wars  measured  and  the  peak  velocity  of  the  saooade  compu¬ 
ted  from  a  digital  differentiation  of  the  oyo  signal.  Vertical  head  position  data  were 
oomputod  by  a  digital  integration  of  tho  head  velocity  signal  from  the  y-axls  sensor. 

The  duration  of  all  separate  parabolas  were  almost  exactly  10  sec, 

HliSULTS 

Fig.  1  domonstratBS  the  moan  eye  and  head  movement  data  of  all  ten  subjoots  as  an 
average  of  all  pr^irabolaa  flown.  The  eye  position  data  describe  the  eys  drift  in  tho  dl- 
reotioh  of  the  slow  phase  of  nystagmus .  whenever  nystagmus  was  present.  This  explains 
tho  offset  between  eye  position  at  tlma  zero  and  eye  position  at  20  oso.  The  averaging 
was  triggered  by  the  sudden  transition  from  weightlessness  to  high  Q-load,  whloh  appeared 
by  pull-out  from  the  parabola. 
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Figure  1.  Average  eye  drift  in  the  dlrootion  of  tho  slow  nystagmic  phaoo  and  head 
position  from  10  suhjoatB.  5  parabolas  oaoh.  Averaging  is  triggered  by  tho  transi¬ 
tion  from  weightlossncsu  to  high  Q-load  during  pull-out. 

All  nvbjoots  exhibited  vertical  upward  boating  (direotlon  of  the  fast  oomponnnt)  ny- 
otagmuB  during  high  Q-load.  The  nystagmus  appeared  within  the  first  1-2  ssoondo  of  pull¬ 
out  from  the  parabola  and  disappeared  with  transition  to  woightlessness  in  ths  nsxt  pa¬ 
rabola.  Ottrsful  examination  of  the  original  rooordings  revealed  very  weak  downward  bea¬ 
ting  nystagmus  during  weightlessness  in  three  of  tho  ten  subjeots.  Clow  phase  velocity 
being  2-3  o/seo,  tho  nystagmus  was  too  weak  to  be  reoognizod  as  suoh  by  our  computer 
unulpls. 

Hoad  movemonts  wore  smooth,  diraoted  downwards  during  hypergravity  and  upwards  du¬ 
ring  hypogravlty.  This  configuration  suggests  that  there  is  a  simple  oonnootlon  between 
tho  variations  of  tho  weight  of  the  head  and  the  movements.  The  head  reaohea  it's  maxi¬ 
mal  speed  iii  the  downward  direotlon  2.5  seo  after  tho  maximal  Q-load. 

Com£8nBtttory_oj|e_movame!its  s 

Results  of  the  oomponsatory  eye  movement  toot  appear  in  tab.  1. 

It's  obvious  that  there  1  s no c^fferenoe  at  all  between  gains  at  0  0  and  gains  at  1  0. 
The  gain  at  2  Q  is  lower  than  the  two  other  gains  computed,  though  no  statistloal  signi¬ 
ficant  difforenoa  can  be  demonstrated,  probability  level  being  above  o.o5<  Iiitralndlvi- 
dual  differonoes  of  phaseuhifts  are  high  and  no  statistical  signifioant  Q-dependsnoe  can 
be  extracted  from  our  results.  Spectral  purity  of  tho  responses  is  lower  In  this  experi¬ 
ments  than  those  obtained  under  laboratory  conditions.  This  explains  the  high  variability. 
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Table  1.  Qaln  and  phaseshlft  of  oompensatory  eye  mo¬ 
vements  induced  by  0.4.  Hz  head  rotations  in  yaw  at 
different  G-loada.  No  atatistloal  significant  dif¬ 
ferences  can  bo  demonstrated. 

Saaoadio_e^e_movaments ! 

Results  of  saooe.dio  aye  movement  tests  appear  in  tab.  2. 
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Table  2.  Latency  time  and  peak  velooltles  of  horizontal  randomized  saooa- 
des  with  an  amplitude  of  1  10°  at  different  Q-loads,  Italicized  figures 
are  statistical  signifioantly  different  at  a  probability  level  below  o.oS. 

It  appeared  from  tab.  2.,  that  only  nine  subjects  contributed  to  the  results.  One  of 
the  subject  followed  his  own  rythm  during  flight  tests  and  was  omitted  from  the  material. 
Latency  Limes  at  0  0  are  slgnlf ieantly  longer  than  latency  times  at  higher  Q.  A  tendency 
to  higher  peak  velooitios  at  welghtlossneas  la  not  statistically  significant. 

CISCliasiQN 

Vertical  head  drift  was  measured  in  relation  to  the  oarth  vortioal,  we  did  not  do  any 
efforts  to  Bubtraot  the  flight  profile  in  order  to  ashlave  a  measurement  of  movement  in 
pitoh  in  relation  to  the  aircraft.  Flight  profile  is  almost  reotillneari  except  at  maxi¬ 
mal  and  minimal  altitude.  If  the  ratamatar  recording  only  described  the  flight  profile, 
a  distinct  minimum  and  maximum  would  be  axpeotod  at  5  and  15  sac  respeotlvely ,  The  verti¬ 
cal  semicircular  oanals  responds  to  angular  acoelerations  relative  to  earth  vertloal. 

From  a  reoordlng  of  rotational  rate  relative  to  the  aircraft,  it  would  be  difficult  to 
pradiot  oanalloular  vestibular  responaas.  The  velocity  of  the  head  In  pitch  is  almost  exac¬ 
tly  in  phase  with  the  0-load.  This  allows  us  to  oondludo,  that  the  head  movement  is  a  simple 
oonaoquonce  of  the  variations  of  the  weight  of  the  head.  The  position  of  the  subject  in 
the  seat  with  the  head  bended  a  little  forward  explains  the  dlrsotlon  of  the  movements. 

Movements  of  the  head  in  pitch  will  Induoe  compensatory  eye  movementa  In  the  same  a- 
xis.  However,  the  eye  movements  recorded  are  not  oompensatory  to  the  head  movements  and 
are  ooneoquently  not  caused  by  the  head  movements,  von  Baumgartsn  ot  al.  (<.)  oonolude, 
that  vertical  nystagmus  during  gravity  ohanges  is  caused  by  a  central  mlslntorpretatlon 
of  vestibular  information  as  being  caused  by  Involuntary  forward  or  backward  tilts.  In 
both  oases  the  utricular  receptors  would  signal  a  change  in  the  direction  of  the  gravi¬ 
ty  load.  A  signal  reporting  a  change  of  the  size  of  the  gravity  vector  must  be  substan¬ 
tial  different  from  that.  Compensatory  eye  movements  during  free  fall  or  during  -tOz  ae- 
celration  should  have  an  upward  and  downward  direction  respectively.  For  that  reason,  we 
conclude,  that  the  nystagmus  rooorded  is  a  relevant  central  interpretation  of  a  vestibu¬ 
lar  signal  oaused  by  variations  of  the  Oz-load  on  the  utrioular  receptors .  We  are  unable 
to  explain  the  non-linearity  of  the  response,  the  hypergravity  response  being  much  stron¬ 
ger  that  the  hypogravity  response.  In  a  recent  paper,  our  group  has  ehovn  that  the  gain 
of  the  oompensatory  eye  movement  response  to  head  rotations  in  yaw  varies  proportionally 
to  the  O-load  (2).  As  dlsoussed  below,  wo  wore  not  able  to  confirm  this  observation  in 
the  present  study.  Nevertheless,  the  behavior  of  ths  vortioal  sye  drift  might  be  oaused 
by  the  affects  of  varying  gravity  load, 

The  results  of  ths  oompensatory  oyo  movement  study  are  di ffioult  to  explain  in  view  of 
the  findings  from  a  similar  study  performed  one  year  before  the  present  study  (2) .  In  our 
first  study,  subjects  performed  head  rotations  with  their  eyes  olosed,  in  the  present  ex¬ 
periment,  eyes  wore  open  hut  covered.  All  other  variables  were  kept  oonstant.  Even  the  pi¬ 
lot  was  the  same  in  the  two  experiments.  Four  subjeots  participated  in  both  studios  and 
their  results  perfectly  reflect  the  different  oonolusions  of  the  two  experiments.  Abso¬ 
luts  gain  values  were  on  average  19!t  higher  In  the  present  study.  This  difference  is  sta- 
tlatioally  slgnlfioant.  In  the  first  study  (2)  a  signlfioant  0-depondenoe  of  the  gain  was 
demonstrated  as  mentioned  above.  Gains  were  B.5/(  lower  at  0  Q  and  17i(  higher  at  2  Q.  Ths 
study  confirmed  the  findings  of  Laokner  &  Grayblel  oonoernlng  the  ooulomotor  response  to 
passively  induced  head  rotations.  In  a  recent  article  Laokner  A  Grayblel  (3)  quote  Blud- 
worth  ot  al.  in  a  yet  unpublished  work  for  having  found  gain  to  be  dooreasad  during  both 
free  fall  and  at  two  G  force  levals.  Our  experimental  design  foroes  us  to  oonoluds,  that 
the  quantitative  and  quail tative  differences  between  the  results  of  our  two  experiments 
are  caused  by  the  difference  in  ths  state  of  vision  in  the  two  experiments,  olosed  eyas 
in  the  first  and  open  eyes  behind  covers  in  the  present. 

The  dlsturhiuioe  In  saooadic  eye  movements  demonstrated  is  statlstloally  signifiount.  It's 
doubtful  whether  it  oan  be  considered  of  any  elgnlfloanoe  In  aviation  or  space  mlsalons. 
Somebody  might  claim  that aninoreased  roaotlcn  time oould  be  dlsaatrous  In  high  performance 
fighter  combats,  but  usually  negative  G-foroes  are  avoided  under  those  oirouraetanoes .  In 
the  naurologiokl  ollnioal  praotioa,  dlsturbanoes  In  saooadlo  function  are  interpreted  as 
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a  sign  of  brain  aiem  lesion.  Indaed,  no  such  lesion  was  present  in  the  subjects.  Our 
knowledge  of  brain  stora  circulation  is  rather  irsufflclent.  Novertheloss  it  seems  pro¬ 
bable  that  the  minor  Impairment  of  saccadic  function  seen  in  this  study  could  be  caused 
by  an  impairment  of  brain  stem  circulation  due  to  the  rsdistributlon  of  blood  volume  du¬ 
ring  weightlessness.  Further  experiments  are  needed  to  shed  light  on  this  phenomenen, 

It  was  obaeved  that  fixation  during  saoeade  tests  stabilized  eyes  in  a  way  that  no 
vertical  eye  drift  could  be  seen.  Head  drift  disappeared  as  well. 

Ml  together,  vertical  eye  drift,  vertical  head  drift,  changes  in  the  gain  of  com¬ 
pensatory  eye  movements  and  disturbances  in  voluntary  saccadic  eye  movements  might  cause 
ms  lor  disturbances  in  visual  function  under  flight  conditions  with  shrinking  and  reexpan- 
aion  of  the  gravitational  vector.  The  disappearance  of  eye  drift  during  visual  fixation 
emphaslzoB  the  importance  of  the  state  of  visual  function  and  no  other  ooncluelon  concer¬ 
ning  oculomotor  function  during  changes  in  O-veotor  size  can  bo  drawn,  than  lots  of  (.ac¬ 
tors  might  Influence  function  in  a  way  that  makes  visual  fixation  ability  the  crucial 
factor . 

COMCLUSIOHS 

Following  conclusions  are  drawn  from  this  workt 

I:  Hypergravity  induces  a  spontaneous  downwards  directed  eye  and  head  drift, 

li!  Hypogravity  Induces  a  spontaneous  head  drift  upwards.  An  eye  drift  in  the 
same  direct'*  (n  i  s  lass  pronounced  and  only  present  in  some  Inoivlduals, 

III'.  The  above  mentioned  phenomena  disappeared  with  visual  fiaxtion. 

IV!  Bye  opening  behind  a  cover  increased  the  gain  of  compensatory  eye  move¬ 
ments  and  made  the  response  less  sensitive  to  gravitational  changes  com¬ 
pared  to  results  obtained  with  ayes  closed. 

V:  Latency  time  of  aaooadlo  eye  movements  is  prolonged  during  short  periods 

of  weightlessness . 
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DISCO 88 lOM 

VOt)  CliUULE:  In  your  p«p*r  vail  a>  la  tbe  pravioua  papar  by  ?ro£as>or  Lacknar  I  voudar  if  not 
tha  dynaaica  of  tha  G-tiaa  hlatory  baa  to  ba  takan  into  acGOunt<  It  appaara  aa  if  In  tha  parabolic 
■aro  G  fligbta  tba  oaeillatlona  i.a.  tha  parted  batvaan  sare  C  and  ■ariaim  C  loadint  la  in  tha  ordar 
of  10  to  100  aaconda.  That  ia,  according  to  ataady  atata  laboratory  axparinantt,  tha  fraquancy  ronga 
of  uxlMni  vaatibular  rnapouaa  and  notion  aieknaaf  aanaltlvlty*  d  atatnant  of  incraaaad  aapliflca- 
tlon  at  2C  should  probably  ba  qualifiad  as  occurring  at  20  pauk  valuaa  at  tha  particular  oscillation 
fraquancy.  Do  you  agraa  that  tha  dynanlca  of  tha  G  axpoaura  vust  ba  ststad,  onalysad  and  takan  into 
account?  That  tba  fraquancy  night  ba  just  as  inpottant  as  tha  C  anplltuda? 

VESTEIBdDCE:  Yas,  1  agraa  vith  you.  It  should  ba  atatad  that  tba  onparlnanta  vara  parfomad  at 
a  ralativaly  high  C-load  fraquancy  (about  O.OSHa)  conparad  to  othar  onparlnanta  vith  longer  duration 
of  vaightlaaanaaa. 

VON  BdDMCABTBli  I  find  it  vary  inportant  to  look  at  tha  first  push  ocar  and  tha  first  pull-out 
bacausa  If  you  do  rollar-coastar  flight  you  cona  Into  a  pattarn  of  your  aubjacta  anticipating  tha  naxt 
nova  of  tha  aircraft  i  aspacially  In  tha  snail  aircraft,  tha  parabolas  ara  5  or  10  sac.  I  saa  fron 
your  diagrana  that  you  did  tha  aana  thing.  You  naid  that  haad  novananta  vara  cauaad  by  alnpln  nachan- 
ical  forcaa  on  tha  hand.  That's  a  poaaibllity.  Va  bava  not  aaan  thaaa  vartloal  hand  auvnants  for 
tba  raaaon  that  va  vorkad  vith  raatrainad  hnada  In  our  atudlaa.  I  veuld  have  axplaioad  than  aa  a  vaa¬ 
tibular  roflax.  Va  knov  tbara  la  hand  nyatafiaua  of  oona  patlants  in  tha  aana  dlraetlon  as  tha  ayaa 
flick  and  if  you  put  acnaona  on  tha  Barony  chair  and  acealarata  bin  ha  novaa  his  chin  against  tba 
direction  of  rotation;  and  if  you  rotate  hia  about  the  Y  ania,  1  vould  also  anpact  a  haad  novanont. 

VBSTggBiDGl!  I'n  happy  you  say  that  bacausa  va  haliava  it  night  be  a  vastlbulu  raflax  as  vail. 
But  It's  vary  difficult  to  prove  that  it'a  not  just  a  conaaquanca  of  tha  valght  of  tha  haad  changing 
vith  acealaration  variations. 

VOK  GIUKS:  1  have  no  question,  just  a  coawut  to  tha  laat  diacuaalon.  In  7.G,  you  knov  that  tha 
spinal  colunn  is  conprasaad,  you  nust  axpaot  haad  notion  botvean  DC  and  2C  of  nore  than  aa  inch. 
That'  just  Spinal  dynonics. 

kBSQlU!  ba  have  also  dons  sons  vary  alnilar  things  during  parabolic  flight.  Did  you  notice  a 
lot  of  variation  in  tha  individual  subjects  In  tarns  of  tha  gain  and  phase  in  tha  aya  novsnaata  both 
in  vartical  and  horiiontal?  Bor  axanpla,vara  tnara  diffarant  pattarns?  Overall,  generally  vhat  va 
found  vith  tha  horiaontal  canal  stinulatlon  vas  that  during  2G  and  OG  thara  vac  a  daersasa  In  tha  gain 
and  phasa,  Uovavsr,  with  tba  vartical  canals  va  found  aa  incraaaad  gain  in  2C  and  a  dacraasad  gain  In 
OG  relative  to  16  hut  this  was  a  ganaral  pattarn.  Nona  of  it  vas  ststistlcally  cignlfieant  and  wary 
subjaet  saanad  to  bava  thalr  ova  type  of  pattarn  although  you  could  begin  to  group  than.  1  vas 
vondaring  if  you  perhaps  find  the  sina  thing? 

VISTEKHdllGE!  I  uould  agraa  vith  you  that  there  it  quits  a  lot  of  variation  In  the  data  sspaoial- 
ly  In  tha  last  oxparlnant  vhara  1  raportad  about  conpansatory  eye  novanant.  Va  had  quite  a  lot  of 
variation  but  tha  variation  vas  anich  last  vith  ayes  closed  than  vith  ayes  covarad.  Va  ^d  tbs  saase 
oxparlanca  In  tba  laboratory  that  thaaa  sxparisunta  ara  hatter  dona  vith  the  ayes  closed  bacausa 
raaponsa  variation  it  lass  than  vith  tha  ayes  open  in  darkness.  I  don't  know  vhy. 
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PREDICTION  or-  THE  SPACE  ADAPTATION  SYNDROME 
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NASA-Johnson  Space  Center 
Houston,  Texas 


INTRODUCTION 

Results  of  Skylab  (1,2)  confirmed  that  approximately  25-BO  percent  of  Individuals  exposed  to  micro- 
gravity  develop  some  degree  of  space  motion  sickness  during  the  first  36  hours  of  space  flight.  Cur¬ 
rently  the  Incident  of  sickness  during  the  Shuttle  flights  has  exceeded  this  level  (3),  Realizing  the 
potential  operational  Impact  that  this  difficulty  In  adapting  to  microgravity  might  have  on  continued 
Shuttle  missions,  NASA  has  mounted  a  considerable  effort  to  treat,  predict,  and  explain  this  space 
adaptation  syndrome.  Among  these  efforts  was  the  development  of  facilities  at  the  Johnson  Space  Center 
to  produce  motion  sickness  symptoms  from  a  variety  of  provocative  tests.  One  of  the  results  of  this 
effort  has  been  the  development  of  a  normative  data  base  where  a  number  of  Individuals  have  been  exposed 
to  each  test,  making  It  possible  to  look  at  the  Interrelations  of  these  various  tests,  as  well  as,  to 
begin  to  evaluate  their  usefulness  In  prediction. 

Prediction,  either  for  practical  purposes  or  heuristic  motivation,  has  been  an  objective  In  the  re¬ 
search  of  motion  sickness.  A  variable  approach,  ranging  from  the  use  of  questionnaires  (4-11),  psycho- 
dynamics  or  personality  traits  (11,  12-22),  vestibular  function  tests  (11,  23-39),  physiological  corre¬ 
lates  (11,  40-62)  and  tests  In  specific  nauseagenic  environments  (11,  63-72)  has  been  directed  toward 
the  question  of  who  will  experience  motion  sickness,  under  what  conditions  and  to  what  degree.  More 
often  than  not,  the  correlations  obtained  between  motion  sickness  and  the  selected  predictors  have  been 
statistically  significant,  but  low  1n  magnitude  and  of  no  practical  purpose  In  establishing  predictive 
susceptibility. 

The  Neurophysiology  Laboratory  at  the  Johnson  Space  Center  Is  currently  tasked  with  Identifying  a 
means  of  predicting  what  has  been  called  either  space  motion  sickness  or  the  space  adaptation  syndrome 
for  the  purpose  of  applying  possible  countermeasures.  Historically,  efforts  to  predict  space  sickness 
have  not  been  encouraging,  and  have  been  hampered  frequently  by  limited  access  to  the  astronaut  popula¬ 
tion  and  the  small  number  of  crew  Involved  In  spaceflight.  Individual  variations  In  prefllght  exper¬ 
iences,  medications.  Inflight  tasks  (I.e.,  mobility)  and  personal  strategies  for  symptom  management  have 
further  compounded  our  efforts. 

Realizing  that  no  single  test  or  battery  of  tests  will  yield  a  prediction  Index  of  unity,  we  have 
opted  to  assign  a  probability  value  to  motion  sickness  generated  In  variable  accelerative  environments. 
To  accomplish  this  objective,  we  L  ive  accessed  the  large  non-astronaut  motion  sickness  data  base 
mentioned  above.  The  objectives  of  this  study  are:  1)  To  describe  the  univariate  and  multivariate 
relationships  of  the  current  battery  of  provocative  and  non-provocative  measures  used  by  our  laboratory; 
2)  To  develop  and  cross-valldate  sets  of  linear  equations  that  optimally  predict  motion  sickness  using 
predetermined  sets  of  tests;  and  3)  To  determine  the  Inherent  properties  of  the  various  tests  In  a 
multivariate  setting  so  that  redundant' and/or  Ineffective  tests  could  be  eliminated. 

METHOD 

Tests  for  motion  sickness  susceptibility  and  vestibular  function  used  In  this  study  Included:  1) 
the  Coriolis  Sickness  Sensitivity  Index;  2)  an  off-vertical  rotation  test;  3)  a  sudden-stop  test  with  an 
optokinetic  stimulus;  4)  a  sudden-stop  test  without  an  optokinetic  stimulus;  5)  a  staircase  velocity 
test  similar  to  the  Coriolis  Sickness  Sensitivity  Index:  6)  motion  sickness  susceptibility  during  para¬ 
bolic  flight;  7)  tests  of  Vestibular  Ocular  Reflex  phase  and  gain;  and  8)  Postural  ataxia  measurement. 
In  addition  to  these  tests,  the  subjects  were  administered  two  questionnaires.  The  first  questionnaire 
was  designed  to  obtain  a  motion  experience  and  symptom  history,  while  the  second  was  an  Immediate  pre¬ 
test  questionnaire  to  assess  health  and  drugs  used  during  the  24  hours  prior  to  testing.  Age  and  gender 
(and  for  the  female  population,  menstrual  cycle)  were  also  obtained  with  this  questionnaire.  Two  multi¬ 
variate  statistical  methods  were  used  to  meet  the  analytical  objectives  of  this  study  .  Firstly,  a 
factor  analysis  was  completed  to  describe  the  Interrelations  of  the  variables  between  the  different 
tests,  and  to  reduce  the  dimensionality  of  the  variables.  Secondly,  Multiple  Discriminant  Analysis  was 
used  to  develop  and  cross-valldate  optimal  weights  for  each  variable. 

Subjects 

All  subjects  in  the  normative  data  base  had  passed  an  Air  Force  Class  III  medical  examination,  and 
where  required  for  parabolic  flight,  liad  completed  a  course  In  physiological  training  for  high  altitude 
survival.  In  addition,  prior  to  any  test  or  set  of  tests,  a11  necessary  documentation  required  by  the 
NASA-Johnson  Space  Center  Hunan  Research  Policy  and  Procedures  Committee  were  submitted  and  approved. 

In  this  study,  a  total  of  159  subjects,  121  male  and  38  female,  were  drawn  from  the  normative  data 
base.  Their  ages  ranged  from  19  to  58  years.  Criteria  for  selection  from  the  normative  population  was 
based  on  exposure  to  parabolic  flight  and  completion  of  substantially  all  of  the  tests  currently  usod  In 
the  laboratory.  With  the  exception  of  parabolic  flight.  If  test  results  were  missing  for  any  subject, 
mean  scores  were  Inserted  for  those  Individuals.  This  data  treatment  was  used  with  less  than  2K  of  the 
total  study  population,  and  in  no  case  did  any  one  subject  have  more  than  one  set  of  scores  missing. 
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Tests 

CortoUs  Sickness  SensiHvlty  Index  (CSSI  Test).  The  CSSI  test  assessed  an  Individual's  susceptl- 
blllti'  to  cross  coupled  angular  acceleration  and  conflicting  sensory  Input  primarily  from  the  semicir¬ 
cular  canals  and  statotollths  using  modified  procedures  described  by  Miller  and  Grayblel  (73,  74K  The 
tost  was  repeated  at  different  velocities  as  required  for  each  subject.  The  repeat  tests  were  used  to 
determine  a  stable  endpoint  at  the  Mill  level  of  malaise  (8  or  more  symptom  points).  The  test  was 
Implemented  using  a  100  Ib/ft  torque  rotator-chair  assembly.  With  the  subject  blindfolded  and  seated  In 
the  upright  position,  the  chair  was  accelerated  at  6*/sec2  to  a  terminal  velocity  (up  to  30  RPM)  pre¬ 
determined  by  the  results  of  the  Motion  Sickness  Experience  Questionnaire.  While  rotating,  the  subject 
executed  standardized  head  movements  In  each  of  the  four  cardinal  directions  (Sequence;  front,  right, 
back,  left).  Head  movements  were  performed  In  sets  with  each  set  consisting  of  five  head  movements  (the 
front  movement  performed  twice).  Each  set  was  separated  by  a  20  second  period  of  no  head  motions.  Sub¬ 
jects  were  questioned  during  these  20  second  periods  for  signs  and  symptoms  indicative  of  early  motion 
sickness.  The  test  was  terminated  when  either  the  Hill  level  of  malaise  was  achieved  nr  IBO  head  move¬ 
ments  (30  sets)  were  completed. 

Prior  to  deacceleratlon  of  the  chair,  the  subject  was  Instructed  to  report  any  sensation  of  rever¬ 
sal  In  the  rotational  direction  arjd  to  mark  the  moment  he  felt  that  he  had  come  to  a  complete  stop.  The 
chair  was  deaccelerated  at  6Vsec2  until  It  reached  0  RPM.  When  the  subject  reported  the  onset  of  the 
reversal  sensation,  the  test  operator  began  timing  with  a  stop  watch.  Timing  was  stopped  when  the  sub¬ 
ject  reported  no  sensation  of  movement.  This  time  was  referred  to  as  the  reversal  sensation  time  and 
was  recorded  in  units  of  seconds, 

Off-Vertical  Rotation  (OVR  Test).  A  modified  version  of  the  off-vertical  rotation  test  which  pro¬ 
vide  s~r7naTTt!FTTT1earlicceTerano^  otolith  stimulation,  Initially  developed  by  Grayblel  and  Miller 
(28,  7S,  76),  was  administered  using  the  lOQ  Ib/ft  torque  rotator-chair  assembly  employed  for  the  CSSI 
test.  Subjects  were  blindfolded  with  dark,  light  occluding  goggles  that  permitted  the  eyes  to  remain 
open,  and  restrained  In  the  chair  with  lap,  shoulder  and  leg  straps.  The  head  was  restrained  with  pads 
at  the  base  of  the  skull  and  a  strap  around  the  forehead.  With  the  subject  In  the  upright  position,  the 
chair  was  accelerated  at  6"/sac2  to  a  terminal  velocity  of  20  RPM  and  rotated  at  o'  tilt  for  five  min. 
Following  stabilization  at  0*,  the  angle  of  tilt  was  Increased  In  S*  Increments  at  5  min  Intervals. 
During  rotation,  the  subject  was  questioned  for  symptoms  Indicative  of  early  motion  sickness.  The  test 
was  terminated  when  the  subject  reached  the  Mill  level  of  malaise  or  the  chair  had  been  maintained  at 
30’  tilt  for  five  min. 

To  terminate  the  test,  the  chair  assembly  was  returned  to  0*  tilt,  and  maintained  at  O'  tilt  for 
approximately  1-5  min  to  allow  subject  stabilization.  The  chair  was  then  deaccelerated  at  6’/secc  to  0 
RPM. 


Sudden-Stop  Test  (SST).  The  sudden-stop  procedure  (eyes  open),  a  vestibulo-visual  test,  was  admln- 
Istered  using  a  modified  version  of  the  sudden-stop  test  developed  by  Lackner  and  Grayblel  (64).  The 
test  was  Implemented  with  the  same  chair,  rotator  and  restraint  system  employed  for  the  OVR  and  CSSI 
tests.  Visual  stimulation  was  provided  wl'th  an  optokinetic  field  (dark  blue  cloth  drum)  which  surround¬ 
ed  the  chair.  Vertical  white  stripes  at  60'  Intervals  on  the  drum  ran  from  floor  to  coiling.  The  white 
stripes  substended  a  visual  angle  of  1,74',  With  the  subject  In  the  upright  position,  the  chair  was 
accelerated  at  20'/sbc2  to  a  terminal  velocity  of  50  RPM  and  maintained  at  this  velocity  for  30  sec.  At 
the  end  of  30  sec,  the  chair  was  deaccelerated  at  15Q*/secn  to  a  complete  stop  and  maintained  at  zero 
velocity  for  30  sec.  This  profile,  representing  one  trial,  was  presented  to  the  subject  eyes  open  a 
maximum  of  40  times.  The  direction  of  rotation  remained  constant  for  20  trials  and  was  reversed  for  the 
subsequent  sat  of  20  trials.  After  each  trial,  the  subject  was  questioned  for  symptoms  Indicative  of 
motion  sickness.  The  test  was  terminated  when  the  Mill  level  of  malaise  was  achieved  or  40  trials  were 
completed. 

The  sudden-stop  test  (eyes  closed)  was  conducted  following  the  same  procedures  defined  above  with 
the  exception  of  the  visual  stimulation.  In  the  eyes  closed  test,  the  subject  was  blindfolded  ith 
dark,  light  occluding  gaggles. 

Staircase  Velocity  Motion  Test  (SVOT).  The  Staircase  Velocity  Motion  Test  (SVMT)  was  used  to 
assess  each  an  individual's  susceptibility  to  motion  sickness  with  a  modified  Coriolis  Sickness  Suscep¬ 
tibility  test  procedure  in  which  the  cross-coupled  angular  acceleration  experienced  progressed  from  low 
level  to  maximum  stress  stimulation. 

Rather  than  a  single  fixed  constant  velocity,  a  staircase  velocity  profile  was  used.  The  test  was 
performed  with  the  100  ft/lb  torque  rotator-chair  assembly.  Before  the  rotator  was  started,  the  subject 
was  restrained  In  the  chair  with  lap  belts  and  foot  straps.  The  rotator  was  then  accelerated  at 
6*/sec2  to  an  initial  velocity  of  1  RPM. 

With  eyes  blindfolded,  the  subject  executcl  standardized  head  movem'ents  In  each  of  the  four  car¬ 
dinal  directions.  These  head  movements  were  performed  In  sets,  with  each  set  consisting  of  five  head 
movements  (front,  right,  back,  left,  front).  Each  set  was  separated  by  a  20  sec  period  of  no  head 
motions.  The  rotator  velocity  was  then  Increased  In  2  RPM  steps,  with  40  head  nuvements  being  performed 
at  each  velocity  step,  until  the  Malaise  111  endpo'  nr  a  terminal  velocity  of  35  RPM  was  reached.  The 
number  of  head  movements,  RPM  level  and  symptoms  when  the  Malaise  III  ondpolnt  was  reached  were 
recorded,  and  the  rotating  chair  was  deaccelerated  at  6*/sec2  to  a  complete  stop, 

VOR.  The  VOR  test  was  designed  to  obtain  ocular  nystagmus  gain  and  phase  elicited  via  sinusoidal 
angular  acceleration  from  the  horizontal  semicircular  canals  and  associated  CtlS  structures.  Five  dis¬ 
posable  pregelled  infant  electrodes  were  used  to  record  the  nystagmus.  Prior  to  electrode  placement, 
the  skin  was  cleansed  with  an  Isopropyl  alcohol  wipe.  Electrodes  were  placed  at  the  outer  canthus  of 
each  eye,  on  the  center  of  the  forehead  (ground),  centered  above  the  right  eye,  and  centered  below  the 
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left  eye.  Impedance  measurements  were  recorded  using  the  ground  electrode  as  reference,  and  electrodes 
with  greater  than  10k  ohms  impedance  were  replaced.  The  subject  doned  red  filtered  goggles  following 
the  electroding  procedure  for  a  20  minute  dark  adaptation  period.  Upon  completion  of  dark  adaptation, 
the  subject  was  seated  on  a  30  Ib/ft  torque  rotator-chair  assembly.  For  calibration  purposes  the  sub¬ 
ject  was  instructed  to  visually  track  2  alternately  flashing  LED's  located  5  feet  from  the  subject's 
forehead.  These  lights  substended  a  visual  angle  of  10*.  When  the  eye  calibration  measurement  was  com¬ 
pleted,  the  red  goggles  were  replaced  with  dark,  light  occluding  goggles.  All  measurements  were  obtain¬ 
ed  with  the  eyes  opened  beneath  the  light  occluding  goggles.  The  subject's  head  was  ventroflexed  30° 
and  held  In  place  with  a  biteboard  attached  to  the  chair. 

White  noise  was  provided  through  headphones,  placed  over  the  subject's  ears  to  eliminate  auditory 
cues  In  the  test  room.  The  rotator  was  computer  driven  at  five  separate  frequencies  one  octave  apart, 
ranging  from  0.01  to  0.16  Hx.  Peak  velocity  was  60*/sec  at  all  frequencies  with  acceleration  ranging 
from  3.8*/seca  at  '0.01  Hz  to  60.8*/secd  at  0.16  Hz,  The  subject  was  given  mental  task  exercises  to 
enhance  alertness  during  nystagmus  recording.  Upon  completion  of  all  test  conditions,  the  light 
occluding  goggles  wore  replaced  with  the  red  goggles  and  a  post  test  eye  calibration  was  performed  using 
pretest  procedures. 

kC-13B  Static  Chair  Test.  The  KC-135  static  chair  test  assessed  an  individual's  susceptibility  to 
motion  sickness  during  parabolic  flight.  The  KC-13B  aircraft  was  flown  through  a  series  of  parabolic 
maneuvers  (typically  4o  parabolas  per  flight)  with  each  parabola  comprised  of  24  sec  of  weightlessness 
and  jO-EO  sec  of  a  2-g  pull  up, 

Subjects  were  secured  in  a  passenger  seat  aboard  the  aircraft  using  the  available  seatbelts.  Ti^e 
subject's  head  was  Immobilized  using  a  soft  neck  brace.  Dark,  light  occluding  goggles  were  positioned 
over  the  subjects  eyes  to  eliminate  visual  cues.  Symptoms  of  motion  sickness  were  reported  after  each 
parabola  to  the  test  operator.  A  symptom  tally  or  score  sheet  was  maintained  for  the  duration  of  the 
flight.  Due  to  the  nature  of  this  test,  subjects  were  not  removed  from  the  provocative  stimulus  regard¬ 
less  of  symptom  level . 

Postural  Equilibrium.  Postural  equilibrium  was  tested  by  a  modified  and  shortened  version  of  a 
standard  laboratory  metKod  developed  by  Grayblel  and  Fregly  (77).  Metal  test  rails  of  four  widths, 
1.90,  3.17,  4.4B,  and  B.72  cm  (0.7S,  1.2S,  1.76,  end  2.2B  in)  provided  the  foot  support  for  the  subject 
during  this  tests.  Each  subject  was  fitted  with  military  type  shoes  to  standardize  footwear. 

Time,  the  measurement  of  balance,  began  when  the  subject,  while  standing  on  the  prescribed  support 
with  his  feet  in  a  tandem  (leel-to-toe  arrangement,  folded  his  arms  across  his  chest.  The  eyes  remained 
open  In  the  first  test  series.  In  the  second  series,  the  time  measurement  was  Initiated  after  the  sub¬ 
ject  attained  a  balanced  position,  folded  his  arms  and  closed  his  eyes. 

During  the  test  session  the  initial  rail  width  for  testing  with  ayes  open  was  typically  3.17  cm 
(1.26  In).  Three  test  trials  with  a  maximum  required  duration  of  60  sec  each  were  given.  If  a  cuimula- 
tlve  100  sec  score  was  reached  on  the  first  two  trials,  a  third  was  not  performed.  A  perfect  score  was 
100  sec.  If  the  subject  failed  to  obtain  a  perfect  score,  the  two  largest  time  values  for  the  three 
trials  was  summed  to  obtain  the  final  score.  The  choice  of  the  second  rail  width  depended  upon  the  sub¬ 
ject's  score  on  the  Initial  support  width.  If  the  score  was  greater  than,  or  equal  to  80  seconds,  the 
next  smaller  support  width  was  used;  If  this  score  was  less  than  80  seconds,  the  next  larger  support 
width  was  used.  Testing  on  a  third  rail  size  was  required  when  both  of  the  two  previous  support  width 
scores  fell  either  above  or  helow  the  80  seconds  performance  level.  Testing  with  eyes  closed  followed 
the  same  procedure  except  that  a  larger  rati  support,  6.72  cm  (2.25  In)  was  typically  used  first.  Eyes 
closed  tests  always  followed  testing  with  eyes  open.  All  tests  wore  conducted  with  normal  laboratory 
Illumination,  and  the  subject  facing  a  blank,  white  wall. 

Variables 


From  the  tests  and  questionnaires  described  above,  27  variables  were  derived  and  used  in  the  data 
analysis.  The  27  variables  wore  further  broken  down  Into  24  test  variables,  and  three  criterion  vari¬ 
ables,  Of  the  24  test  variables,  6  variables  were  obtolned  from  the  judgment  of  three  raters  who 
assigned  individual  subjects  Into  categories  of  motion  sickness.  The  test  variables  were  used  to 
predict  the  criterion  variables. 

Last  Variables 


The  24  test  variables  included  the  subjects  age  and  gender,  as  well  as,  three  varlabes  each 
from  the  CSSI  test,  SSTEO,  SSTEC  and  SVHT.  Two  variables  each  were  derived  from  the  OVR  and  RAIL  tests, 
and  four  from  the  VOR.,  For  the  CSSI  test  the  three  variables  Included:  1)C3SC,  the  subjects'  Htll 
score;  2)  CSR(n),  the  susceptibility  level  assigned  (1,e.,  severe,  moderate  low)  by  one  of  the  three 
individual  raters.;  and  3)  CSCEN,  the  value  which  Indicated  whether  or  not  the  subject  reached  the  Hill 
endpoint  in  the  CSSI  test.  If  an  endpoint  was  obtained  a  score  of  0  was  assigned  and  1  If  It  was  not 
obtained. 


The  three  variables  derived  from  the  SSTEO  test  Included:  1)  EOSC,  the  score  or  number  of 
stops  at  which  the  Mill  level  of  malaise  occurred;  2)  EOPTS,  the  number  of  s^ptom  points  attained  at 
the  conclusion  of  the  tests;  and  3)  EOR(n),  the  susceptibility  level  assigned  by  one  of  the  three  Indi¬ 
vidual  raters.  The  same  three  variables  obtained  from  the  SSTEO  test  were  used  for  the  SSTEC  test. 

For  the  OVR  test  the  two  verlibles  used  In  the  analysis  were  the  OVRSC  end  the  OVR(n).  OVRSC 
was  the  score  each  subject  obtained  on  the  OVR  test.  This  score  reflected  the  time  In  minutes  at  which 
the  Mill  level  of  malaise  occurred.  0VR(n]  was  the  susceptibility  level  assigned  by  one  of  throe 
raters. 
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For  the  staircase  velocity  motion  tests  (SVMT).  The  three  variables  Included  SVHH,  SVPTS  and 
SVR(n).  Variable  SVHM  equaled  the  number  of  head  movements  completed  when  the  Mill  level  occurred. 
SVPTS  equaled  the  total  number  of  syraptoai  points  accumulated  by  the  end  of  the  test,  and  SVR(n)  was  the 
level  of  susceptibility  assigned  to  a  particular  Individual  by  one  of  the  three  raters. 

Variables  EORAIL  and  ECRAIL  were  obtained  from  the  posture  test.  EORAIL  equaled  the  score 
attained  during  the  eyes  open  postural  ataxia  test  on  the  4,46  cm  rail  width,  and  ECRAIL  that  socre 
attained  with  the  eyes  closed  and  standing  on  the  6.72  cm  rail. 

The  four  variables  attained  from  the  VOR  measurements  reflected  phase  and  gain  at  two  fre¬ 
quencies.  VORPl  was  the  phase  angle  at  0.01  Hx,  and  V0RP5  the  phase  at  0.16  Hz,  VORGl  was  the  gain  of 
the  nystagmus  at  0.01  Hz,  and  V0RG6  the  gain  at  0.16  Hz. 

Criterion  Variables 

Because  of  the  only  microgravity  experience  of  the  normative  population  that  could  be  equaled 
with  the  astronaut  population  Is  obtained  during  parabolic  flight,  the  motion  sickness  response  to  these 
flights  was  used  as  the  prediction  criteria.  The  three  variables  selected  from  parabolic  flight  consis¬ 
ted  of:  1)  kCPTS,  a  variable  Indicating  the  parabola  at  which  the  Mill  level  of  malaise  occurred  and 
whether  or  not  the  subject  vomited;  2)  VOMIT,  whether  or  not  the  subject  vomited  regardless  of  the  para¬ 
bola  at  which  vomiting  occurred  and  3)  KCK(n)  the  category  of  susceptibility  assigned  an  Individual 
based  on  one  of  three  raters  Judgment. 

Rater  Variables 


The  variables  CSR(n),  OVR(n),  EOR(n),  ECR(n),  SVR(n),  and  KCR(n)  were  all  obtained  from  three 
Independent  raters.  The  three  raters  were  fumlllar  with  each  of  the  6  provocative  tests  associated  with 
these  variables  (CSSI,  OVR,  SSTEO,  SSTEC,  SVMT  and  KC-136),  and  were  told  to  group  the  subjects  used  In 
this  study  Into  three  groups  of  susceptibility  for  each  of  the  tests.  To  do  this,  each  rater  was  pre¬ 
sented  with  a  frequency  histogram  for  each  of  the  6  tests.  Figures  1-6  show  these  histograms.  Each 
histogram  1$  based  on  the  frequency  of  sickness  for  the  entire  normative  population  .  Figure  1  shows 
the  frequency  of  the  Mill  score  for  this  population.  Figure  2  shows  the  test  duration  of  the  OVR, 
Figures  3  and  4  are  the  completed  stops  for  the  SSTEO  and  SSTEC  test  respectively.  Figure  5  Indicates 
the  number  of  head  movements  completed  for  alt  subjects  on  the  SVMT,  and  Figure  6,  the  parabolas  flown 
prior  to  reaching  the  Mill  level  during  parabolic  flight. 
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Using  tha  fregueney  histograms  each  rater  grouped  subjects  Into  ona  of  three  categories  of 
susceptibility,  by  prior  agreement  the  levels  of  susceptibility  were  Identified  as  low  to  nonsuscept- 
Ible,  fflodurately  susceptible  or  severely  susceptible.  Later  the  categories  for  parabolic  flight  were 
further  reduced  to  VOMIT  or  NO  VOMIT. 

The  relationship  between  each  of  the  three  Independent  raters  was  so  high  that  only  the  rating 
from  one  of  the  three  was  Included  as  the  final  variable  for  data  analysis  purposes. 

Data  Analysis 


Descriptive  hnalvsls 

The  first  step  of  the  data  analysis  was  to  try  to  understand  the  relationship  between  vari¬ 
ables  and  to  reduce  the  dimensionality  with  little  or  no  loss  In  Information.  To  accomplish  this  goal, 
tho  multivariate  statistical  method  of  factor  analysis  (781  was  applied  to  the  27  variables  shown  In 
Table  1.  This  analysis  used  all  of  the  variables  on  1S9  subjects  and  was  completed  via  a  Digital  Equip¬ 
ment  Corporation  Computer  (VAX  11/780]  using  a  commercial  statistical  software  package  (79).  Criterion 
variables  were  Included  In  the  factor  analysis  to  observe  the  degree  of  relationship  the  KC-13S  crite¬ 
rion  had  with  other  variables. 

Initially,  the  factor  analysis  computer  program  calculated  the  means,  standard  deviations,  and 
Intercorrelatlons  using  the  scores  from  each  of  the  169  subjects.  The  Intercorrelation  matrix  was  a 
quantitative  representation  of  all  possible  378  relationships.  The  next  step  In  the  factor  analysis  was 
to  reduce  the  dimensionality  of  the  Intercorrelatlon  matrix  by  determining  a  smaller  matrix  (the  Factor 
or  F  matrix)  where  each  column  represented  a  dimension  that  was  Independent  (I.e.,  orthogonal  of  all 
other  columns  and  each  row  contained  a  correlation  coefficient  (or  factor  loading)  representing  the 
variables  relation  to  the  dimension.  Definitions  of  the  dimension  (or  columns  In  the  factor  matrix) 
were  made  by  noting  which  varlabloi  had  the  highest  correlation  In  the  column.  If  more  than  one  vari¬ 
able  was  correlated  (or  "loaded")  on  a  particular  dimension,  then  only  the  variable  with  the  highest 
correlation  was  used  In  subsequent  predictive  analysis.  This  process  assured  that  all  major  nan-redun¬ 
dant  sources  of  common  variance  were  Included  In  the  predictive  analysis  with  a  minimum  number  of  vari¬ 
ables  and  that  the  most  representative  variables  were  chosen.  Mathematically,  the  factor  analysis  con¬ 
sisted  of  calculating  the  eigenvalues  and  elgenventors  of  the  Intercorrelatlon  matrix  (R)  and  then  cal¬ 
culating  a  matrix  F  such  that  FF'»R,  where  the  diagonals  of  R  contained  the  squared  multiple  correla¬ 
tion. 


Decause  the  squared  multiple  correlation  used  In  the  study  was  a  measure  of  what  each  variable 
had  In  common  with  ell  other  variables,  the  process  explained  all  of  the  common  variance.  Those  vari¬ 
ables  that  had  a  relatively  Tow  squared  multiple  correlation  were  not  discarded  from  subsequent  analysis 
since  they  had  soma  unique  variance  that  could  have  been  useful  In  prediction. 
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In  short,  the  factor  analysis  was  used  not  only  to  describe  the  varlab’es  but  assisted  1n  the 
selection  of  variables  for  the  predictive  phase  of  the  analysis. 

Predictive  Analysis 

In  trying  to  access  differences  between  groups  for  predictive  purposes.  It  was  obvious  they 
varied  In  many  ways  and  therefore  required  some  form  of  multivariate  statistical  analysis.  It  has  been 
noted  (80)  that  the  reduction  of  multiple  measurements  to  a  single  weighted  composite  Is  the  key  to  much 
of  multivariate  analysis.  This  Is  particularly  true  In  discriminant  function  analysis,'  By  assigning 
appropriate  weighting  coefficients,  multiple  correlated  measurements  could  be  converted  to  a  single 
score  thus  reducing  the  mutllvarlate  problem  to  a  univariate  one.  In  1936,  Fisher  (81)  considered  the 
problem  of  determining  a  linear  combination  of  variables  that  would,  better  than  any  other  combination, 
discriminant  between  two  chosen  groups.  By  better  discriminant  he  specifically  meant  the  ratio  of 
between  groups  variance  to  within  group  variance  (I.e.,  the  familiar  F  ratio  In  analysis  of  variance) 
would  have  a  larger  value  than  any  other  linear  function  of  the  same  variables,  Fisher  called  this 
optimal  linear  combination  the  discriminant  function.  Other  statisticians,  especially  Rao  (82,  83) 
Independently  extended  Fisher's  work  to  more  than  two  groups  showing  the  procedure  was  mathematically 
optimal,  and  that  after  one  linear  combination  was  calculated  successive  optimal  linear  combinations 
(called  multiple  discriminant  functions)  could  be  extracted  from  successive  residuals.  Mathematically 
this  involved  finding  the  eigenvalues  and  eigenvectors  of  a  matrix  (or  a  matrix  of  F  ratio)  where  B 
was  the  between  group  matrix  and  U  was  the  within  group  matrix.  In  contrast  to  factor  analysis  where  the 
W  matrix  was  used.  With  this  accomplished,  It  became  possible  to  examine  the  relative  merits  of  each 
variable  at  each  step  and  discard  those  variables  that  did  not  add  appreciably  to  the  prediction. 

With  this  method,  quantitative  and  qualitative  criterion  groups  were  Identified  on  the  basis 
of  actual  motion  sickness  responses  to  the  KC-13B  flights.  Groups  Identified  were  no-vomit,  vomit;  low, 
moderate,  or  severe  sickness;  and  sink  or  not  sick.  Using  stepwise  multiple  discriminant  analysis  (2), 
predictor  variables  ware  differentially  weighted  to  optimally  predict  the  criterion  of  susceptibility. 
Each  Individuals  scores  or  ratings  on  the  predictor  variables  were  multiplied  by  the  appropriate  weight¬ 
ing  coefficient  for  a  particular  group  and  than  summed  to  get  a  single  composite  score  for  the  group. 
Individuals  were  then  assignod  to  the  different  susceptibility  groups  for  which  the  coniposUe  score  was 
highest.  Part  of  the  subjects  were  used  to  develop  the  weighting  coefficients  and  part  were  used  to 
cross-valldate  the  predictions. 

Predictor  variables  1n  this  study  Initially  consisted  of  the  first  24  variables  shown  In  Table 
1.  For  one  phase  of  the  discriminant  analysis  all  variables  were  used.  The  final  set  of  discriminant 
analysis  utilized  9  variables  that  were  the  best  "marker*  variables  for  each  of  the  factors  in  the 
factor  analysis. 

Ideally,  we  would  like  to  have  data  on  each  of  the  tests  so  that  we  could  have  rated  astro¬ 
nauts  responses  to  Shuttle  flights  and  determine  the  degree  to  which  the  developed  equations  would  pre¬ 
dict  inflight  responses,  Unfortunately  only  the  CSSl  has  been  given  preflight  to  all  Shuttle  crewmen. 
With  this  in  mind,  all  169  subjects  were  used  to  develop  weighting  coefficients  for  ege,  sex,  end  CSSI 
scores  to  predict  low,  moderete,  or  severe  responses  to  the  KC-13B  flights.  All  crewman  for  the  first 
nine  Shuttle  flights  were  rated  In  terms  of  the  inflight  sickness  they  actually  experienced.  All  crew¬ 
man's  age,  sex  and  CSSI  scores  were  then  Inserted  Into  the  oquetlons  end  assigned  to  the  group  (low, 
moderate,  or  severe)  for  which  the  composite  score  was  the  highest.  These  results  were  then  teoled  to 
calculate  the  percent  correctly  assigned. 

In  short,  by  applying  the  method  of  stepwise  multiple  discrimlnent  analysis  to  a  random  sample 
drawn  from  the  data  base,  the  objective  was  to: 

11  establish  equations  for  group  with  different  levels  of  susceptibility 

2)  use  the  equations  to  predict  motion  sickness 

3)  delete  those  variables,  where  possible,  that  did  pot  contribute  to  the  prediction 

4)  cross-valldate  the  coefficients  by  using  the  equetlons  to  assign  new  randomly  drawn  norma¬ 
tive  subjects  to  susceptibility  groups  and  determining  the  percent  of  “hits"  and  "misses" 

5)  apply  the  method  to  the  currently  limited  Inflight  data  to  determine  the  level  of  predictl- 
bllity. 


RESULTS 

Shown  in  Table  1  are  the  means,  standard  deviations,  and  Intercorral atlons  of  27  variables.  Al¬ 
though  three  ratings  were  collected  for  each  of  the  provocative  tests,  only  one  rating  was  used  for  each 
variable  in  the  factor  analysis  since  the  ratings  ware  so  hlgnly  correlated  with  each  other.  The  aver¬ 
age  Inter-rater  reliability  for  the  CSSC,  OVR,  SSTEO,  SSTEC,  SV,  and  KC-13B  was  .08,  .46.  .94,  .88,  .98, 
.91,  and  .89,  respectively. 

Table  2  shows  the  rotated  factor  matrix  with  the  squared  multiple  correlation  of  each  variable  with 
all  other  variables  shown  In  the  last  column.  The  highest  correlation  (or  factor  loading)  In  each 
column  has  been  underlined  to  highlight  It  as  the  defining  variable.  Each  column  represents  e  dimension 
and  each  value  In  the  row  Is  the  correlation  (or  factor  loading)  of  the  variable  with  the  dimension. 
The  last  row  across  the  bottom  gives  the  precent  of  common  variance  associated  with  that  particular 
dimension  (or  column),  The  results  Indicate  that  nine  dimensions  account  for  all  of  the  common  variance 
associated  with  the  27  variables.  Figure  7  provides  a  pictorial  view  of  the  results  nf  the  factor  anal¬ 
ysis. 
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INDEPENDENT  FACTORS 
ASSOCIATED  WITH 
VARIABLES  USED  IN  THE  STUDY 

Each  (actor  Is  named  and  shows  the 
percent  of  common  variance 
accounted  for  by  that  dlmenalon.  One 
variable  from  each  factor  was  used  In 
the  discriminant  analyses.  O,  C,  P,  & 

V  stand  for  the  type  of  stimulation  I.e., 
ootollth,  canal,  propoceptlve,  and 
visual. 
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KesuUs  of  the  attempt  to  predict  and  crost-valldate  the  degree  of  susceptibility  to  KC-135  para¬ 
bolic  flights  are  shown  In  Tables  3  and  4.  Subjects  were  selected  at  random  to  develop  the  equations 
(labeled  "original  cases")  and  the  remaining  cases  (labeled  "cross-validation  cases")  were  classified 
using  the  equations.  Table  3  shnws  the  means  and  standard  deviations  for  each  of  the  susceptibility 
groups  (low,  moderate,  and  severe)  for  both  the  original  and  cross-validation  samples.  Table  4  shows 
the  discriminant  function  weighting  coefficients  developed  from  each  of  the  original  cases  in  Section 
I.  Section  II  of  Table  4  shows  the  results  (In  terms  of  nunbers  and  percent)  of  applying  these 
coefficients  to  each  of  the  original  sample  groups.  Subjects  were  always  predicted  to  be  members  of  the 
group  that  had  the  highest  weighted  score  for  the  subject.  For  esample,  the  low  susceptible  group 
actually  had  46  cases  but  7  of  these  cases  had  a  higher  weighted  composite  Score  using  the  coefficients 
for  the  moderate  group  and  were  therefore  predicted  (In  this  cast,  misclassifled)  to  be  In  moderate 
group.  Notice  If  the  results  were  perfect,  all  cases  would  have  been  on  the  diagonals.  The  results 
indicated  correct  prediction  on  the  original  cases  of  69,  50,  and  61  percent  for  the  low,  moderate,  and 
severe  groups,  respectively.  The  total  correct  for  the  original  sample  was  64  percent.  Finally,  Table 
4,  Section  III  Is  Identical  to  Section  11  except  the  equations  were  applied  to  the  cross-validation 
sample.  These  results  showed  correct  predictions  of  59,  60,  and  40  percent,  respectively,  with  the 
total  correct  dropping  to  60  percent  for  all  three  groups. 

Tables  5  and  6  have  the  same  Information  and  are  set  up  similar  to  Tables  3  and  4,  except  the  pre¬ 
diction  Is  simplified  to  predict  If  the  Individual  will  or  will  not  get  sick  rather  than  the  degree  of 
susceptibility.  In  this  case,  58  percent  of  the  not-stck  and  63  percent  of  the  sick  were  correctly  pre¬ 
dicted  for  the  original  samples  for  a  total  correct  of  60  percent.  On  cross-validation,  67  percent  and 
70  percent  of  the  not-sick  and  sick  respectively  were  correctly  predicted  with  a  total  correct  of  68 
percent. 

The  final  tables  (Tables  7  and  6)  ere  similar  to  the  others,  except  the  attempt  was  to  predict  no 
vomiting  or  vomiting  on  any  of  the  parabolic  flights  flown.  For  the  original  cases,  64  percent  of  the 
no  vomit  and  89  percent  of  the  vomit  cases  were  correctly  categorized  for  a  total  correct  of  74  per¬ 
cent.  On  cross-validation,  tills  reduced  to  61  percent  and  68  percent  for  a  total  correct  of  60  per¬ 
cent.  For  each  cross-validation  subjects,  two  weighted  scares  were  calculated  by  multiplying  his 
measurements  by  the  weights  and  assigning  him  to  the  group  having  the  largest  score. 

The  results  of  applying  the  equations  developed  for  age,  sex  and  CS3I  scorts  to  the  ratings  of 
inflight  responses  was  essentially  negative.  Of  32  Inflight  crew  experiences,  18  were  actually  rated  as 
low,  11  as  having  moderate  symptoms,  and  3  as  severe.  The  equations  misclassifled  16  In  the  low  group 
as  moderate  and  misclassifled  all  3  severe  symptom  Individuals,  (predicting  2  as  moderates  and  1  as 
low).  Of  the  11  Individuals  actually  rated  as  Inflight  moderatas,  tho  equations  predicted  10  of  them 
correctly.  In  short,  the  equations  overly  assigned  Individuals  to  the  moderate  group. 
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DISCUSSION 

Uiiscriptive  Analysis 

With  respect  to  the  means  and  standard  deviations,  presented  In  Table  1,  the  results  showed  con 
siderable  variability  on  the  CSSC.  Part  of  this  hesuUod  from  some  33  Individuals  who  never  reached 
endpoint  In  the  test.  The  effect  of  this  on  the  total  analysis  Is  not  known,  although.  It  probably  con¬ 
tributed  some  additional  error  to  this  variable  making  It  somewhat  less  useful.  The  intercorrelations 
given  In  Table  1  show  generally  low  correlations  and  while  their  overall  description  Is  best  seen  in  the 
factor  matrix,  the  intercorrelatlons  are  useful  in  looking  up  some  specific  univariate  relations.  With 
this  number  of  cases,  a  correlation  of  .19  Is  significantly  different  from  tero. 

The  best  explanation  of  the  Information  content  of  Intercorrelation  matrix  was  obtained  from  the 
rotated  factor  matrix  shown  in  Table  2.  In  fact,  any  correlation  can  be  reproduced  from  the  factor 
matrix  by  cross  multiplying  each  element  In  the  two  rows  representing  the  correlation  of  Interest  and 
summing  these  products  across  the  columns.  As  noted  In  the  table,  the  last  column  contains  the  squared 
multiple  correlations  representing  the  relationship  of  a  particular  variable  to  all  of  the  other  vari¬ 
ables  In  the  matrix.  Background  variables  (age  and  sex),  questionnaire  responses,  the  non-pruvocative 
rail  tests,  and  the  higher  frequency  VOR  were  not  correlated  with  any  of  the  other  tests.  This  sug¬ 
gested  that  from  a  general  prediction  viewpoint,  these  variables  should  not  be  discarded  as  they  might 
contain  some  uniqueness  that  could  aid  In  prediction  beyond  what  the  provocative  test  provide.  For  this 
reason  they  were  used  In  the  development  of  prediction  equations. 

The  Coriolis  sickness  sensitivity  dimension  represented  by  Factor  I  showed  the  effects  of  both  con¬ 
stant  and  staircase  velocity  as  evidenced  by  SVHM  having  significant  loadings  on  both  Factor  I  and 
Factor  VII.  Also  seen  on  this  dimension  (Factor  I)  was  the  score  variance  for  the  off-verltcal  rota¬ 
tion,  as  well  as  for  both  the  visual  and  non-visual  part  of  the  sudden-stop  test.  This  probably 
reflects  that  the  same  fundamental  provocative  procedures  are  used  for  each  of  these  test. 

Prior  to  the  study.  It  was  thought  by  some  that  since  all  of  the  provocative  test  use  the  same 
rotational  procedure  they  would  be  highly  related  and  perhaps  some  could  be  dropped.  If  this  were  true. 
Factor  I  would  have  shown  higher  loadings  on  each  of  the  procedural  variations  than  was  actually  the 
case.  The  analysis  showed  that  each  procedural  variation  was  sufficiently  unique  and  orthogonal  to  make 
It  a  potentially  useful  predictor.  With  respect  to  objective  scores  (as  opposed  to  ratings),  the 
results  Indicated  higher  loadings  for  scores  except  for  the  Sudden-Stop  Test  with  both  ayes  open  and 
closed. 

Of  some  Interest  was  the  lack  of  any  significant  correlation  of  any  single  test  with  the  criterion 
selected  for  this  study,  I.e.,  the  responses  to  the  KC-UE  parabolic  flights.  This  suggests  that  a  low 
prediction  1$  almost  Inevitable  unless  some  optimal  combination  of  the  Independent  predictors  Is 
possible  that  collectively  captures  what  little  relation  that  does  exist.  While  this  study  used  XC-13E 
reactions  as  a  criterion  since  It  does  Include  a  limited  aero  gravity  experience.  Us  emergence  as  an 
Independent  factor  suggest  It  may  be  more  useful  to  think  of  It  as  simply  another  provocative  test  In 
predicting  some  other  experiences  of  motion  sickness. 

In  summary,  the  factor  analysis  Indicated  which  variables  should  be  included  In  the  predictive 
analysis  to  represent  each  of  the  factors.  In  addition,  the  results  indicated  some  variables  that  were 
not  loaded  on  any  dimension  and  should  be  Included  In  prediction  because  of  their  uniqueness  and  their 
potential  contribution. 

Predictive  Analysis 

In  general,  the  level  of  predictions  In  the  study  were  better  than  chance  but  they  wore  not  high. 
The  fact  that  the  predictions  exceeded  chance  expectations  was  encouraging  since  there  was  virtually  no 
significant  correlations  with  the  criterion.  This  lack  of  correlation  with  the  criterion  also  explains 
why  It  was  not  useful  In  this  particular  study  to  determine  relative  contribution  of  each  variable  using 
the  discriminant  functions.  One  way  of  doing  this  was  to  systematically  drop  the  last  variable  and 
observe  the  percent  change.  The  classification  function  given  In  the  tables  do  not  indicate  the  order 
that  each  variable  was  utilized  In  the  discriminant  analysis.  For  example,  the  variables  In  Table  4 
were  successively  added  as  follows:  OVRSC,  AGE,  EORl,  VORPl,  ECRl  and  CSSC.  The  first  discriminant 
selected  and  classified  all  subjects  using  only  OVRSC  Into  low,  moderate  and  severe  with  a  percent 
success  of  62,  10,  and  66,  respectively.  AGE  was  the  next  variable  added  to  OVRSC  and  It  Improved  the 
success  rate  to  43,  40,  and  60,  respectively.  The  next  variable  added  to  the  othors  was  EORi  and  this 
changed  the  success  rates  to  S6,  30,  and  60.  This  process  of  gradual  Improvement  for  different 
categories  continued  until  It  reached  6$,  50,  and  61  for  the  CSSC.  In  short,  the  relative  contribution 
was  not  clear  cut  except  to  a  particular  low,  moderate,  or  severe  category.  Similarly,  the  variables 
selected  by  the  analysis  process  from  one  discrimlnent  analysis  was  not  related  to  another  discriminant 
analysis.  An  exception  to  this  was  that  OVRSC  was  selected  as  first  or  second  in  each  of  the  three  pre¬ 
diction. 

In  using  multiple  factor  analysis,  the  concern  was  to  describe  common  elements,  or  whet  Thurstone 
(7)  called  the  "Invariant  structure",  and  the  correlation  coefficients  were  easily  Interpreted,  In 
multiple  discriminant  analysis  thn  concern  was  to  maximize  differences  between  groups  and  the 
coefficients,  while  mathematically  optimal,  had  little  meaning  from  an  Interpretation  velwpoint.  For 
this  reason,  no  attempt  was  :nade  to  Interpret  the  weighting  coefficients,  however,  a  computer  program 
was  written  to  use  the  coefficients  on  future  laboratory  subjects  to  continue  the  validation  process. 
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The  property  of  the  multiple  discriminant  analysis  to  capitalize  on  any  difference  between  groups 
required  special  attention  to  make  sure  the  number  of  original  cases  was  sufficiently  representative  to 
eliminate  chance  difference  between  variables.  Randomization  of  the  original  and  the  cross-validation 
population  was  used  to  assure  that  the  cross-validation  sample  was  represented  statistically  by  the 
original  population  or  a  significant  loss  In  prediction  would  have  occurred.  While  some  shrinkage  did 
occur,  It  was  well  within  expectations.  Finally,  as  the  number  of  variables  used  In  discriminant  anal¬ 
ysis  increase  the  theoretical  prediction  Increases.  For  example,  some  initial  runs  using  43  variables 
and  60  cases  showed  95  percent  correct  predictions  on  the  original  cases.  However,  this  was  due  to 
Increased  curve  fitting  to  chance  points  that  disappeared  on  cross-validation.  The  number  of  cases 
required  to  establish  validity  Increases  dramatically  as  number  of  variables  Increase.  For  this  reason, 
factor  analysis  was  an  Important  step  before  discriminant  analysis  as  It  both  reduced  the  number  of 
variable  and  assured  any  new  variable  was  independent  of  those  previously  selected. 

The  results  of  this  study  suggest  that  no  single  motion  sickness  test,  provocative  or  otherwise, 
can  be  used  to  predict  susceptibility  In  a  novel  motion  environment.  Currently,  our  program  employs 
only  the  CSSI  test  prefUght  to  test  these  crewmembers  who  will  fly.  As  might  be  expected  the  CSSI  has 
not  been  effective  In  pradlctlno  susceptibility  aloft.  We  are  now  modifying  our  prefllght  testing  to 
replace  the  CSSI  test  with  the  OvR.  However,  based  on  the  findings  presented  here,  the  OVR  alone  should 
not  provide  a  higher  Index  of  success  than  the  CSSI,  We  believe  that  a  small  battery  of  tests  Is  re¬ 
quired,  and  until  an  expanded  program  Is  Implemented,  our  predictive  capability  will  not  improve. 

SUItlARY 

A  study  was  completed  (e)  to  describe  the  univariate  and  multivariate  relationships  of  provocative 
measures  used  by  the  neurophysiology  laboratory,  (b)  to  use  normative  subjects  to  develop  and  cross- 
valldate  sets  of  linear  equations  that  optimally  predict  motion  sickness  in  parabolic  flights,  and  (c) 
to  evaluate  the  possibility  of  reducing  the  number  of  measurements  required  for  prediction. 

After  describing  the  variables  verbally  and  statistically  for  159  subjects,  a  factor  analysis  of  27 
variables  was  completed  to  Improve  understanding  of  the  relationships  between  variables  and  to  reduce 
the  number  of  measures  for  prediction  purposes.  The  results  of  this  analysis  showed  that  nine  factors 
account  for  lOO  percent  of  the  coimian  variance  end  that  none  of  variables  are  significantly  related  to 
the  responses  to  parabolic  flights. 

Using  the  results  of  the  factor  analysis,  e  set  of  variables  were  selected  to  predict  responses  to 
kC'IJS  flights.  A  series  of  discriminant  analyses  were  completed  using  part  of  the  subjects  to  develop 
sets  of  predictive  linear  equations  and  part  to  cross-validete  the  equations.  Results  indicated  that 
low,  moderate,  or  severe  susceptibility  could  be  correctly  predicted  64  percent  and  53  percent  of  the 
time  on  original  and  cross-validation  samples,  respectively.  Similarly,  sicxness  or  non-sickness  was  60 
and  68  percent  correct  on  original  and  cross-validation  samples,  respectively.  Predicting  vomiting  or 
no  vomiting  on  the  KC-13B  flights  was  73  and  62  percent  correct  on  original  and  cross-validation 
samples,  respectively.  Finally,  equations  developed  on  the  normative  group  for  sex,  age,  and  Coriolis 
Sickness  Sensitivity  Index  were  not  effective  in  predicting  crewman's  space  adaptation  to  the  first  nine 
Shuttle  flights. 

Both  the  factor  analysis  and  the  discriminant  analysis  provided  nu  basis  for  reducing  the  number  of 
tests.  The  results  suggested  that  the  provocative  test  ere  relatively  independent  and  that  a11  should 
be  retained  until  new  criterion  measures  are  available  to  evaluate  them. 
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TABLE  2  TABLE  3 

ROTATED  FACTOR  LOADINGS 

(CANS  AND  STANDARD  DEVIATIONS  OF  VARIABLES 
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TABLE  4 

PREDICTIOA  OF  DEGREE  OF  SUSCEPTIBILITY 
(LOW.  WDERATE,  OR  SEVERE)  TO  KC-13S  PARABOLIC  FLIGHTS 

I.  CLASSIFICATION  FUNCTION’. 


VARIABLES 

WEIGHTING  COEFFICIENTS 

LOW 

MODERATE 

SEVERE 

AGE 

1.048 

.977 

.942 

CSSC 

.170 

.195 

.161 

OVRSC 

.827 

.796 

.705 

EORl 

6.382 

7.286 

6.835 

ECRl 

3.782 

4.455 

4.313 

VORPl 

-.013 

-.039 

-.034 

CONSTANT 

-46. 063 

-46.850 

-41.103 

II. 


III. 


ORIGINAL  NUMBER  AND  PERCENT  OF  CASES  CLASSIFIED  INTO  OROUPS; 

A.  NUMBER  OF  ORIGINAL  CASES:  8.  PERCENT  OF  ORIGINAL  CASES: 


ACTUAL 


PREDICTED 

PREDICTED 

LOW 

MODERATE 

SEVERE 

TOTAL 

MODERATE 

SEVERE 

LOW 

33 

7 

8 

48 

LOW 

69« 

1S« 

17* 

MODERATE 

2 

5 

3 

10 

ACTUAL  MODERATE 

BOX 

S0« 

30* 

SEVERE 

4 

* 

14 

23 

-  SEVERE 

17I£ 

i2i 

61* 

TOTAL  HUMBER  OF  CASES  -  81  TOTAL  *  CORRECT  -  6« 

CROSS-VALIDATION  NUMBER  AND  PERCENT  OF  CASES  CLASSIFIED  IN  GROUP; 

A.  NUMBER  OF  CROSS-VALIDATION  CASES;  B.  PERCENT  OF  CROSS-VALIDATION  CASES; 


ACTUAL 


LOW 

MODERATE 

SEVERE 


PREDICTED 

PREDICTED 

MODERATE 

SEVERE 

LOU 

MODERATE 

SEVERE 

25 

5 

12 

42 

LOW 

59* 

12* 

28* 

7 

8 

1 

16 

ACTUAL  MODERATE 

44* 

50* 

6* 

7 

5 

8 

20 

SEVERE 

35* 

25* 

40* 

TOTAL  NUMBER  OF  CASES  -  78  TOTAL  *  CORRECT  -  5M 


TABLE  5 

MEANS  AND  STANDARD  DEVIATIONS  OF  VARIABLES  USED  TO 
PREDICT  SICK  OR  NOT-SICK  ON  KC-136  PARABOLIC  FLIGHTS 


I.  ORIGINAL  CASES;  11.  CROSS-VALIDATION  CASES; 


VARIABLES 

GROUPS 

NOT-SICK 

SICK 

MEAN 

S.O. 

MEAN 

SEX 

1.20 

0.41 

1.21 

0.41 

AGE 

8.06 

28.86 

6.64 

CSSC 

18.87 

18.24 

15.44 

17.26 

OVRSC 

28.47 

7.62 

27.15 

7.25 

EORl 

2.95 

0.82 

3.15 

1.05 

ECRl 

2.12 

1.24 

2.18 

1.44 

5VMPTS 

3.76 

7.07 

3.83 

ECRAIL 

30.66 

39.97 

31.31 

VORPl 

23.37 

25.32 

23.57 

COUNTS 

48 

38 

VARIABLES 

GROUPS 

NOT-SICK 

SICK 

MEAN 

S.D. 

MEAN 

MSM 

SEX 

1.23 

0.43 

1.30 

AGE 

30.76 

5.68 

30.06 

CSSC 

20.08 

21.45 

11.34 

BORV 

OVRSC 

30.09 

7.14 

24.46 

9.46 

EORl 

2.78 

1.15 

3.40 

1.03 

ECRl 

2.30 

1.29 

2.96 

1.09 

SVMPTS 

6.61 

3.97 

6.23 

4.01 

ECRAIL 

40.26 

29.61 

44.26 

30.63 

VORPl 

30.57 

23.96 

19.04 

24.25 

COUNTS 

42 

30 
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TABLE  6 

PREDICTION  OF  SICK  OR  NOT-SICK  IN  RESPONSE 
TO  KC-135  PARABOLIC  FLIGHTS 


I.  CLASSIFICATION  FUNCTION: 


VARIABLES 

NOT-SICK 

SICK 

AGE 

.774 

.706 

OVRSC 

.720 

.679 

VORPl 

.027 

.020 

CONSTANT 

-23.792 

-20.361 

II.  ORIGINAL  NUMBER  AND  PERCENT  OF  CASES  CLASSIFIED  INTO  GROUPS; 

A.  NUMBER  OF  ORIGINAL  CASES;  B.  PERCENT  OF  ORIGINAL  CASES: 


III. 


ACTUAL 


NOT  SICK 
SICK 


PREDICTED 

PREDICTED 

NOT-SICK 

SICK 

TOTAL 

NDT-SICK 

SICK 

28 

20 

48 

NOT  SICK 

ACTUAL 

SBX 

42X 

14 

24 

L_iL 

“  SICK 

37X 

63X 

TOTAL  NUMBER  OF  CASES  -  86  TOTAL  *  CORRECT  •  60< 

ORIGINAL  NUMBER  AND  PERCENT  OF  CASES  CLASSIFIED  INTO  GROUPS; 

A.  NUMBER  OF  ORIGINAL  CASES;  B.  PERCENT  OF  0R16.  ML  CASES! 


ACTUAL 


NOT  SICK 
SICK 


PREDICTED 

PREDICTED 

NOT-SICK 

SICK 

TOTAL 

NOT-SICK 

SICK 

28 

14 

42 

NOT  SICK 

ACTUAL 

67X 

33X 

9 

21 

30 

. .  SICK 

30X 

70X 

TOTAL  NUMBER  OF  CASES  «  72  TOTAL  X  CORRECT  •  68X 


TABLE  7 

KEANS  AND  STANDARD  DEVIATIONS  OF  VARIABLES  USED  TO 
PREDICT  NO  VOMIT  AND  VOMIT  ON  KC-13S  PARABOLIC  FLIGHTS 


I.  ORIGINAL  CASES; 


VARIABLES 

NO  VOMIT 

VOMIT 

MEAN 

S.D. 

MEAN 

S.D. 

AGE 

1.13 

.34 

1.30 

.46 

SEX 

31.00 

6.77 

29.55 

6.89 

CSSR 

20.50 

21.19 

12.87 

13.55 

OVRSC 

30.00 

7.08 

24.89 

7.89 

EORl 

2.85 

.93 

3.29 

1.10 

ECRl 

2.15 

1.32 

2.59 

1.46 

SVMPTS 

7.23 

3.79 

6.86 

4.68 

ECRAIL 

40.33 

31.26 

39.41 

32.23 

VORPl 

26.61 

23.28 

20.94 

24.14 

#  OF  CASES 

39 

27 

II.  CROSS-VALIDATION  CASES: 


VARIABLES 

NO  VOMIT 

VOMIT 

MEAN 

S.D. 

MEAN 

S.D. 

SEX 

1.26 

.44 

1.26 

.44 

AGE 

31.76 

8.05 

28.42 

6.77 

CSSR 

17.60 

17.71 

14.30 

20.05 

OVRSC 

28.31 

7.96 

26.52 

8.43 

EORl 

2.96 

1.02 

3.26 

1.06 

ECRl 

2.34 

1.26 

2.45 

1.31 

SVMPTS 

6.76 

3.86 

7.29 

3.11 

ECRAIL 

39.61 

29.17 

61.03 

30.69 

VORPl 

31.94 

23.96 

. 

21.78 

23.40 

#  OF  CASES 

62 

31 
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TABLE  8 

PREDICTION  OF  VOMIT  OR  NO  VOMIT 
TO  KC-135  PARABOLIC  FLIGHTS 


I.  CLASSIFICATION  FUNCTION: 


VARIABLES 

WEIGHTING  COEFFICIENTS 

NO  VOMIT 

VOMIT 

SEX 

7.604 

8.298 

OVRSC 

.641 

.656 

EORl 

2.517 

2.926 

SVMPTS 

.185 

.122 

VORPl 

.042 

.032 

CONSTANT 

•19.394 

-18.493 

II.  ORIGINAL  NUMBER  AND  PERCENT  OF  CASES  CLASSIFIED  INTO  GROUPS; 

A.  NUMBER  OF  ORIGINAL  CASES;  6.  PERCENT  OF  ORIGINAL  CASES! 


ACTUAL 


NO  VOMIT 
VOMIT 


PREDICTED 

PREDICTED 

NO  VOMIT 

VOMIT 

TOTAL 

NO  VOMIT 

VOMIT 

29 

r 

ir" 

NO  VOMIT 

ACTUAL 

74* 

26* 

8 

_ 

19 

27 

VOMIT 

30* 

70* 

TOTAL  NUMBER  OF  CASES  •  66  TOTAL  %  CORRECT  -  73* 


III.  CROSS-VALIDATION  NUMBER  AND  PERCENT  OF  CASES  CLASSIFIED  IN  GROUP; 

A.  NUMBER  OF  CROSS-VALIDATION  CASES;  B.  PERCENT  OF  CROSS-VALIDATION  CASES; 


ACTUAL 


NO  VOMIT 
VOMIT 


PREDICTED 

PREDICTED 

NO  VOMIT 

VOMIT 

TOTAL 

NO  VOMIT 

VOMIT 

41 

21 

62 

NO  VOMIT 

ACTUAL 

66* 

34* 

14 

17 

31 

VOMIT 

45* 

55* 

TOTAL  NUMBER  OF  CASES  -  93 


TOTAL  X  CORRECT  ■  6ZX 
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DiaaisBioM 

CLEMORT:  DU  1  uadaiitand  that  It  was  a  faotoial  aaalyaia  which  ineludad  27  variablas  parforaad 
on  data  film  ISO  aubjactaT  la  this  right?  i.  faetotai  aaalyaia  is  wary  sansitiva  to  hugs  arrora. 

BISGHKI:  In  (act,  wa  had  ovar  40  variablas  that  wa  nscid  in  tha  analyais  and  wa  bagan  to  aa’iao- 
tivaly  drop  thaaa  out.  1  didn’t  point  out  aa  tha  alidaa  prograaaad  whan  wa  wars  pradicting  vonit,  no 
vnit,  wa  wars  doing  ao,  1  baliava,  with  only  (our  diflarant  variablaa  for  tha  159  aubjacta.  This  is 
tha  diraction  wa  wantad  to  go.  Vo  ware  attanpting  to  gat  away  (roa  curva  fitting. 

CLKHONT:  If  tha  nunbar  of  aubjacta  is  aaall  with  ragard  to  tha  niaibar  of  variablaa  analytad, 
than  tha  raaulta  of  oroai-aaotiona  usually  ara  diaappointlag. 

USCaiCS:  That's  abaolutaly  trua  bacauaa  you  daaign  tha  aquations  on  tha  original  aanpla. 

OLIHOMT!  Sons  of  tha  variablas  ara  qualitativa,  nost  of  thm,  ssvara,  nadiun  and  high.  Did  you 
try  to  find  an  optiaal  scaring  syatsa  of  thaaa  qualitativa  variablas  or  did  you  aeora  than  arbitrarily 
0.  1,  2T 

USCHKli  All  of  tha  scoring  for  notion  aieknasa  raaponaas  vara  dona  using  tha  diagnostic  cs- 
tagorisation  chart  that  Dr.  Lseknar  shewad  aarliar  this  neming. 

ULCUIRt  You  hava  a  graat  daal  of  data  on  a  larga  nuabar  of  both  aala  and  fasuls  subjaota.  Ona 
of  tha  firaly  antcanchad  vlawa  in  tha  litaratura  is  that  thara  art  najor  difftrancaa  in  suacaptibility 
botvasn  nan  and  woaan,  with  wonan  btiag  aora  susoaptibla.  I  think  you  hava  data  that  spaaka  to  this 
issue  and  I  wondar  if  you  would  daacriba  iti 

USOtUt  That  iaaua  waa  raally  not  part  of  tha  study  but  wa  do  hava  oorralation  data  that  sug~ 
gaits,  yaa,  thara  it  a  tax  diffaranca  and  yat,  thara  it  not.  It  is  vary  tost  apacifio,  taca  again, 
tha  ganaral  rolat  hava  taken  a  tuabls  and  thara  ara  no  tpaoific  trauda  (or  nalat  and  faulai. 


27-1 


PREDICTION  OF  SEASICKNESS  SUSCEPIIBILITI 

W.  U.A.A.  d*  JoUfC^.  H.J.  Ooatirvtld^ 

1 .  Inatltut*  fop  Paroaptlon  THOi 
Kuipuig  Si  3769  DR  Sotatorbopgi  Tha  Nathaplanda; 

2.  Vaatlbular  Dapaptunti  Praa  Unlvaralty  Noapltali 
dt  Boalalaan  1117i  1081  HV  Aavtai'daai  Tha  Nktharlanda; 
3i  Vaatlbular  DapartMnti  Aoudamla  Madliinl  Oantrai 
Hatbargdraar  9i  11  OS  AZ  Aaatovdswi  Tha  Nwthaplanda . 


SDHHAOV 

Thlrty-nlna  aubjaotai  auffaring  fpga  ohronlo  aaaalokimaai  end  21  aontrola  hava  baan  aubnlttad  to  aavaptl 
taata  In  ordap  to  find  pariaatapa  for  tha  ppadlotlon  of  aaasloknaia  auaoaptlblllty.  Routlna  IHO  axaalna- 
tlon  ravaalad  a  labyrlnthlna  pradoolnanoa  of  nora  than  301  Nlth  oaloplo  irrigation  In  about  ISS  of  tha 
aaaaloknaaa  auaoaptlblaai  auggaatlng  a  hlghar  Inoldanoa  of  ohronlo  action  aloknaaa  auaoaptlblllty  In  aub- 
Jaota  vlth  a  labyrlnthlna  labalanoa  than  In  noraala.  Cupuloaatpy  ravaalad  Idantloal  alopaa  of  tha  aanaa- 
tlon  oupulograa  for  both  groupa.  Ho  dlffaranoa  In  alopa  vaa  found  for  tha  nyatagaua  oupulograa  althar.  Tha 
tlaa  oonitant  of  tha  'valoolty  atoraga  luahanlaB'  alao  oovarad  tha  aaaa  ranga  for  both  groupa.  Stabllo- 
BMtry  parforaad  In  a  tilting  rooai  auggaatad  that  aaaaloknaaa  auaoaptlbXaa  ara  aora  vlaually  orlantad  than 
tha  oontPDla  aa  ravaalad  by  tha  vlaually  Induoad  po'itural  Inatablllty. 


INTRODUCTION 

At  tha  Vaatlbular  Dapartawnt  of  tha  Praa  Unlvaralty  Hoapltal  In  Aaatardaai  50  aubjpota  froa  tha  Royal 
Dutch  Navy  hava  ao  far  baan  axaalnad  with  raapaet  to  thalr  high  auaoaptlblllty  to  aaaaloknaaa.  Thaaa  aub- 
laota  hava  baan  tubalttad  to  a  routlna  vaatlbular  ENQ  axaalnatlon  and  to  atablloaatry  In  a  tilting  vlaual 
auppoundi  During  tha  flrat  axanlnatlona  Corlolla  taobolquaa  wara  uaod  too.  but  aoon  oupuloaatry  waa  pra- 
farrad. 

Oupuloaatry  aa  a  taat  to  aaaaaa  notion  aloknaaa  la  wall  knoun  In  tha  lltarabura.  Da  Nit  (1953)  raportad 
that  tha  oupulograa  oould  dlaorlalnatu  batuaan  aaaaloknaaa-auaoaptlbla  (ataap  alopa  of  tha  oupulograa)  and 
non-auaoaptlbla  aubjanta  (ahallow  alopa).  Slallar  raaulta  uara  raportad  by  Aaohan  (1958)  and  Krljgar 
(1958).  vho  both  ahouad  that  axparlanoad  flghtar  pilota  had  a  partloularly  ahallow  alopa  of  tha  oupulo- 
graa.  Dobla  (1978)  oould  net  rapreduea  thaaa  flndlnga  in  a  atudy  on  1.000  pilota. 

Thaaa  dlffaranoaa  In  tha  alopa  of  tha  oupulograa  raflaot  dlffaranoaa  In  tha  tlaa  ounatant  of  tha  oantrai 
vaatlbular  ayataa  (Raphan  at  al.  1979):  tha  ataopar  tha  oupulograa.  tha  longar  tha  tlaa  oonatant.  Slnna 
adaptation  raaulta  In  a  ahortanlng  of  thla  tlaa  oonatant  and  ohronlo  aaaaloknaaa  la  aaauaad  to  ba  a  non- 
adaptation  phanflawnon  (or  non-babltuatlon  phanoaanon).  larga  tlaa  oonatanta  ara  axpaotad  with  aaaaloknaaa 
auaoaptlblaai  vhloh  la  In  llna  with  tha  flndlnga  of  a.g.  da  Nit.  Shortanlng  of  tha  tlaa  ooimtant  for  aan- 
aatlon  and  nyatagaua  aftar  atrong  vaatlbular  atlaulatlon  baa  baan  uoad  aa  a  aig'n  of  adaptation  JrU  a  atudy 
on  aaaaloknaaa  auaoaptlblllty  (Van  Maanan  1965). 

In  our  taat  battary  un  alao  Inoorporatad  atablloautry  In  a  tilting  row.  alnoa  thla  taat  doaa  not  daal 
ulth  tha  aanloiroular  oanala  aa  doaa  oupuloaatry.  but  aora  ulth  otollthlo-vlaual  Intaraotlona  whloh  ara 
alnllar  to  what  aay  happan  on  a  ahlp.  In  ihla  taat  wa  aaaaura  poatural  utablllty  of  a  aubjaot  atandlng  on 
a  flra  horlaontal  aupport.  whlla  Ilia  vlaual  aurround  la  alnuaoldally  tlltad.  Tha  ratlonala  bahlnd  thla 
taat  la  that  a  oonfllot  about  vartloallty  la  oraatad  batvaan  tha  vlaual  Inforaatlon  (tha  tlltad  rooai)  and 
tha  otollthlo  Inforaatlon  (gravity) .  If  tha  aubjaot  rallaa  on  the  otollthlo  Inforaatlon  only,  ba  will 
aalntaln  poatural  atablllty.  but  If  ha  rallaa  on  vlalon  a  larga  lateral  body  away  will  ba  tha  raault  fol¬ 
lowing  tha  rooa  tilt. 

In  oloaa  oooparatlon  with  tha  Vaatlbular  Dapartaant  of  tha  Aoadaalo  Hadlcal  Contra  In  Aaatardaa.  26  young 
blologlata  hava  alao  baan  axaalnad.  prior  to  aolantlfio  nautioal  axpadltlona.  to  aoraan  than  on  ohronlo 
notion  aloknaaa  auaoaptlblllty.  Thaaa  aubjaota  wara  aubnlttad  to  tha  aaaa  taat  battery. 

Thla  tudy  praaanta  a  flrat  analyala  of  tha  aatarlal  In  ordar  to  find  paraaatara  whloh  nay  ba  uaaful  for 
the  pi  .HliabloH  of  aaaaloknaaa  auaoaptlblllty.  Na  hava  llnitad  ouraalvaa  to  tha  atudy  of  two  aubgroupa.  ana 
oonalatlng  of  aaaaloknaaa  auaoaptlblaa.  Inoludlng  thoaa  aubjaota  (H  ■  39)  fron  tha  Royal  Dutoh  Navy  who 
auffarad  fron  aaaaloknaaa  uontlnuoualy  whan  tlM  wind  apaad  axoaadad  2  on  tha  aoala  of  Daaufort  -  aooordlng 
to  thalr  own  raporta  -.  and  one  oonalatlng  of  oontrola  Inoludlng  only  thoaa  blologlata  (Ha  20)  who  aotu- 
ally  pnrtlolpatad  In  an  axpadltlon  without  ahowliig  algna  of  ohronlo  aaaaloknaan.  whloh  naana  that  they 
adapted  within  a  few  daya. 

Tha  age  range  waa  tha  noaia  for  both  groupa)  tha  oontrolai  hovwvar.  ooualatad  of  18  nalaa  and  6  fanolaa 
wbaraaa  tha  aaaaloknaaa  auaoaptlblaa  wara  only  nalaa. 


HEIHODS 

Eye  novananta  wara  ranorded  ualng  alaotronyatiigaograpby  (AO-anpll float Ion.  tlna  oonatant  S  a).  Routlna 
vaatlbular  and  optokinatlo  axanlnatlon  Inoludad  a  aaaroh  for  apontanaoua  and  provooatlva  nyatogAua  to- 
gathar  with  optokinatlo  nyatagjaua.  anooth  purault  and  auppraaalou  of  tha  vaatlbular  nyatagnua  by  vlaual 
fixation.  Oalorlo  irrigation  woa  parfomad  ualng  watar  of  30  and  88*C.  HaxlMM  nyatagaua  alow  ptaaaa  valou- 
Ity  (3PV)  of  tha  raaponaa  waa  oaloulatad.  aftar  whloh  tha  raaponaa  dlffaranoa  paroantaga  of  both  laby- 
rinUia  waa  ooaputad. 
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Cupulometi-y  was  purforiaad  with  a  rotatory  ohair  Inalda  a  drum  (TSnnltti>  Freiburg  Im  Brelsgau).  Subjeots 
wara  alttlri^  In  darlctieaa  with  their  eyea  open  and  algnalled  direction  and  termination  points  of  the  In¬ 
duced  rotation  sensation.  These  data,  together  with  nystagnus  and  ehalr  veloolty.  were  recorded  continu¬ 
ously,  Nyatagmua  and  sensation  duration  were  naaured  after  a  deceleration  of  90’/a^  from  a  conotant  ve¬ 
loolty  rotation  of  6,  14,  30,  60  and  90'/a  CW  and  CCU.  Plotting  the  duration  of  the  sensation  or  nystagaius 
against  In  u  yields  a  co-oalled  oupulogram. 

The  time  constant  of  the  'veloolty  storage  meohanlsm'  (Raphan  et  al.  1979)  was  sstlmated  from  the  nyatag- 
nus  deaay  following  the  stop  from  the  90*/s  constant  velocity  rotation. 

The  tilting  rooo  (TKnnlea,  Freiburg  le  Brelsgau]  is  a  ooapletaly  closed  devloo  (2.S  x  2.5  x  2  ■) >  oxoept 
for  a  hole  In  the  floor  and  a  door,  lateral  tilting  la  done  free  the  base  (sinusoidal  tilting  with  an 
amplitude  of  5‘  at  0.U25>  0.05,  0.1  and  0.2  Hi).  Subjects  had  to  stand  on  a  atablloMter  (Kepteyn  and  de 
Ult  1972)  placed  on  a  firm  hcrlxontal  support  in  the  hole  in  the  floor,  and  ware  Instructed  to  maintain  an 
upright  stance  as  ruoh  as  possible.  They  were  told  about  the  actual  stimulus  end  vers  given  the  task  to 
maintain  a  rod,  fixed  to  the  bsckwall  of  the  room.  In  the  hcrlxontal  position  by  maens  of  a  potantlomatar 
they  held  In  their  hand.  The  Induced  body  away  was  detemlned  by  computing  the  amplitude  of  the  Fourier 
component  at  the  stimulus  frequenny  In  the  left-right  atabllogram  (Blea  at  al.  19B3)>  tkalng  weight  and 
height  of  the  subjeots  Into  aooount  too. 

Subjects  were  also  asked  to  adjust  the  rod.  which  was  Illuminated  by  LB&s.  to  their  subjaotive  horlion 
(SH)  In  the  otherwise  oomplstely  dark  room.  The  mean  3H  deviation  from  the  real  horlxon  was  oomputed  from 
6  trials  with  Initial  rod  tilt  of  15*  to  the  left  or  right. 


RESULTS 

Routine  examination  and  oalorlu  Irrlaatlon  With  the  controls  no  abnormalities  ware  observed  at  the  rou- 
tine  examination .  This  was  different  for  the  aaasloknesa  suaosptlblea:  in  two  oasaa  oervloal  pathology 
could  be  establltihed I  one  oaae  showed  slightly  Impaired  smooth  pursuit  and  fixation  suppression  (0  u  .2). 
and  onoe  a  congenital  nystagmus  was  observed  together  with  a  slgnlfloant  aaymmstry  (601)  In  oelorlo  irri¬ 
gation.  Calorleatlon  had  to  be  Interrupted  In  two  subjeota  beoauee  of  eavira  vomiting,  and  onoa  the  uae  of 
water  wee  ruled  out  beoauae  of  an  ear  drum  perforation.  The  oomputed  labyrinthine  predomlnanoe  of  the 
remaining  36  oalorlgrams  of  the  aeaalokneae  ausoeptlblea  la  shown  In  figure  1.  together  with  thoie  of  the 
oontrole.  It  le  of  interest  to  nots  thst  In  the  group  of  theee  36  seailok  e  algnlfloanb  0301)  difference 
between  the  left  ind  right  labyrinth  is  observed  S  times. 


Fig.  1.  Illatogrtas  showing  the  distribution  of  the  perosntsge 
lebyrlnthlns  predoslnenoe  for  ths  seisloknsss  susoeptlbles  end 
the  oontrole  ea  obteliied  with  oalorlo  Irrlostlon,  A  dlfferenoa 
of  over  301,  found  in  5  out  of  these  36  sesslokness  uuaoeptl- 
bles.  Is  to  be  oonaldared  as  pathologloal. 

Oupulowetry  Aa  dssorlbsd  in  the  introduatian.  oupulomatry  wse  at  flret  not  performed  routinely  with  the 
eeaelokueas  sueoeptlblas.  end  sometimes  only  ths  atop  from  90*/a  was  parformad,  In  two  oaeea  the  oupulo- 
motrl.'iel  procedure  had  to  ha  Intarruptad  bteauaa  of  vomiting  dlrsotly  aftar  the  first  atop)  In  those  caaea 
where  oalorlo  Irrigation  had  oauued  savare  problama,  oupulomatry  was  not  parfurmod  either,  leaving  finally 
21  oomplate  oupulograms  of  the  aeeslokneex  sueaeptlbiae.  The  senutlcn  end  nyatagmua  oupulegrama  are  da- 
ploted  in  figure  2.  showing  ths  median  values  and  the  10th  and  90th  peroentllam  together  with  the  muan 
slopes  for  a  large  population  aa  dateralnsd  by  Hulk  and  Jongkaes  (194(i).  Apparently,  the  slope  of  the 
oupulogram  la  ths  ssma  for  both  groups,  for  the  sensation  aa  wall  as  for  the  nystagmiia.  In  figure  3  the 
oomputed  tlma  ounetenta  for  the  nystigmua  deosy  era  shown.  Indicating  nc  difference  between  both  groups. 
The  largest  time  oohstanta  are.  In  faot.  found  with  the  oontrole. 
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Fig.  2,  S*nutlon  «nd  nyatagaus  oupulogru  ahouing  tha 
nadlati  valuas  and  the  10th  and  90th  peroentllaa  of  tha 
Individual  data  polnta  tor  tha  aaaalolinaaa  auaoaptlhlaa 
and  the  oontrelai  togathar  'Utth  the  alopaa  for  noruala 
M  dotanalnad  by  Hulk  and  Jongkaau  (19*18), 


rig.  3.  Hlatograaa  abowlng  tha  dlatrlbutlcu  for  tha 
tlaa  oonatant  of  tha  oantrai  vaatlbulap  ayataa  for 
tha  aaaaloknaat  autoaptlblaa  and  tha  oontrola.  Thaaa 
tlaa  oonatanta  ware  ocaputad  fro*  tha  daoar  of  tha 
vaatlbular  n/itagaua  after  «.  daoalaration  or  90*/a^ 
froti  aonatant  valoolty  rotation  of  90*/a  OU  and 
OCH. 

Aa  for  tha  ahalloHlng  of  tha  alopa  of  the  oupulogr:*  aftar  aapoa  \ra  to  vaatlbular  atlauiatloni  «a  had  tha 
opportunity  to  oioialna  7  ooAtrola  within  a  fau  houra  aftar  dlt'habarkatlon  from  a  nautloai  axpudltloni  cn 
whioh  thay  had  bran  troublod  on  tha  laat  daya  by  haavy  roaa  (Baaufort  S-IV, .  Iha  ouptilograra  (aaan  vaiuaa) 
of  thaaa  7  oonti-ola  obtained  bafora  aud  dlraotly  aftar  tha  aaivditlon  are  abown  in  figure  4. 

inaraaaa  In  tha  duration  of  tha  aanaatlon  at  tha  vaakar  lupulMaj  la  algnlfloanti  wal  did  raault  la  a 
ahullowlng  at  Ua  oupulograu.  One  would  hava  ax>atad>  howavart  a  daoroaa'i  at  atrungar  atlav,,!  Inataad  of 
an  Inoraaaa  at  woakar  atlauil.  la  for  tha  nyntoguua  tupulograMv  tha  alopa  la  not  lafluanoad  by  the  praoad- 
lag  waaka  at  aoa. 

Tha  Biin  tint  oonatati'..  of  tha  njrutagKUa  dooty  did  not  oaoraaaa  althari  both  abartanlug  and  langthanlng 
ware  obaarvad. 

Tilting  rooi  All  oontrola  (M  ■  SO)  and  aeualoknaaa  liuaoaptlblaa  agoopt  ona  (H  «  38)  wara  agaalaad  In  tha 
tilting  rooa.  Th«  aaplltudaa  of  the  induoad  lataral  body  away  at  0.915  and  0.2  Ha  am  ahowu  In  flgum  5. 
Obvlouaiy.  tha  of foot  la  graataat  for  tha  group  of  oaoaloknaaa  auaoaptlblaa >  aapaolally  for  tha  fraquanoy 
of  0.2  Hu. 

For  both  groupa  the  SH  waa  within  the  norua'l  ranco  <2,9*  to  althar  aide),  with  two  oxoaptlona  In  tha  aaa> 
aloknaaa  group  of  9,3  and  3.7*  tllti  tha  loot  ona  alao  aUowlng  an  aayMWtry  with  oalorlo  Irrigation  of 
473. 


\  > 
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rig.  4.  Saniotloi'i  and  nyatcgmua  aupulograaa  ahou- 
ing  lha  oaan  valuia  for  7  aontrola.  Cupuloiuti'y 
waa  dona  bafopa  and  Inaadlataly  aftan  a  nautlaal 
axpadlllon. 


0  ~i  iS~t»  A  A  Ss  iJs  4^  lb  sir 

onptKud*  laltral  bady  tway  ImmI 


Pig.  S.  Hlabogpaaa  ahoMlng  bba  dlatplbuclon  of  tba 
aMpllbudaa  of  bha  vlautlly  Induoad  lataral  body  away 
for  bba  aaaalokntaa  auaoapblblaa  and  blM  oonbrola. 
Tba  billing  poob  xtnufoldall.y  di'lvan  wlbh  an 
inpllbudt  of  S*  bo  aibhar  alda  ab  0.02b  Ua  (uppar 
penal)  and  ab  0.2  Ha  (lowap  paaal). 


DIS0US5X0M 

Baoauaa  of  bha  plaablolby  of  bha  aqulllbPlUM  ayaba«  wably  aavapal  baabt  ab  dlfforanb  bltMt  ara  naoaaaapy 
bafopa  a  lablafaobopy  ranking  of  auaoapblblllby  bo  aoblon  aloknaaa  oan  ba  obbalnad  U.g.  Orayblal  and 
Uoknar  1*80) .  Iha  tampblng  quaabion  la  whabhar  auob  a  poaalblllby  bo  hablbuaba  cau  ba  pradlobad  alpaady 
fpOM  bha  bahavlop  of  bta  parwabapa  uaed  bo  daaoplba  bba  raaulbs  of  ona  alngla  baab. 

Unfopbunabtly.  bha  ppaaanb  abudy  doaa  nob  payaal  a  paranabap  uhlob  oan  ba  uaad  bo  pradlob  auaoapblblllby 
bo  ohponlo  aaaaloknata  wlbh  aufflaiahb  aodupaoy.  Thara  arai  howavatt  aoM  Inbapaablng  flndlnga  In  bhla 
abudy.  Pop  Inatanoai  lb  waa  nob  txpaobad  bbab  bha  poublna  vaablbular  aaaalnablon  would  ravaal  auoh  a  high 


psroentafe  or  abnormal  valuosi  auoh  as  the  over  302  of  labyrinthina  asyaastry  found  with  oalorio  Irriga¬ 
tion  in  about  1511  of  the  aeasiokneas  susoeptlbles . 

It  may  be  asauaed  that  thaaa  subjaots  hava  adapted  to  thla  vestibular  iabalanoa  by  relying  on  visual  in- 
faraation.  Suoh  a  shift  in  favor  of  the  visual  syotaa  aay  be  useful  in  noraal  dally  llfe>  but  not  useful 
whan  the  visual  Inforaation  is  aisleadlngi  uhioh  may  be  the  ease  aboard  a  ship.  A  siailsr  shift  In  favor 
of  vision  aay  he  observed  in  patients  with  oervioal  pathology  or  labyrinthine  lapairaent  (Biss  at  al. 
1963)4  Van  Haanen  (1965)  showed  that  a  vestibular  iabalanoa  does  not  naosssarlly  lead  to  ohronio  seaslok- 
nasB.  Our  findings  sugseat  that  the  Inoldanoe  of  ohronio  seaaloIcnesB  aay  be  higher  in  this  group  than  in 
healthy  subjaota. 

Unfortunately!  we  oould  not  reproduds  the  oupuloaetrlo  findings  of  ds  Wit  (1953)4  We  foundi  like  Coble 
(197)1)1  no  difference  in  slope  for  aeaslokneas  ausoeptiblas  and  oentrols.  This  Is  difficult  to  explain! 
sinoa  the  attraotive  ideas  about  shortening  of  the  tlae  constant  have  been  experiasntally  verified  in 
several  studies  on  action  siokness  for  sensation  (de  Wit  19531  Aaohan  1954;  Xrljger  1954;  Prober  195Bi  and 
von  Haanen  1965)  and  for  nystsgaus  (Erijgar  19S4|  Preber  1958#  and  van  Haanen  1965)4  The  dirorepanoles  aay 
be  due  to  axperlasntal  prooeduras  (which  is  hard  to  believe)!  or  perhaps  our  subjsots  wars  'lass'  ohronio 
than  thoae  in  the  other  studies  (which  la  also  hard  to  ballave) 4  Dlapersion  of  the  data  points  aay  be  of 
Interasb!  alnoe  ds  Wit  (personal  ooiawnloatlon)  did  not  Inoorperate  those  oupulograas  with  to  auob  dlsper- 
Blon4  This  well-known  problea  of  dlaperslnn  is  less  evident  in  the  deteradnatlon  of  the  tlM  oonstant  of 
the  nystagmus  deaay4  Unfortunately  1  hare  too  we  were  able  to  deaumstrats  neither  a  dlffsrsnos  in  tha  aag- 
nitude  of  the  tine  constants  for  both  populations!  or  a  shortening  after  vestibular  oonstrainti  Hors  care¬ 
ful  analysis  of  the  nystagaaie  deoay  at  other  lapulsive  stimuli  nay  perhaps  reveal  different  values  for  tha 
tins  oonstant  beoauee  of  the  oooaaional  presence  of  seoondary  aftei'-nystagmus  at  these  strong  lapulsas! 

Our  findings  in  tha  tilting  rooa  suggest  that  ssaalokness  ausoeptiblas  are  aore  visually  oriented  than  the 
oontrols  although  here!  tooi  a  olear  overlap  exists!  As  stated  already!  a  siDllar  behavior  has  been  found 
in  patisnts  with  a  vestibular  deflolenoy  (Bias  st  al4  1963)1  and  in  patients  suffering  fraa  post-oonoua- 
slonal  dlKXinsss  (de  Wit  and  Bios  1976)4  It  is  noteworthy  that  the  BBaalokrtas  susoaptlblae  alto  show 
postural  Inbalanoe  at  the  lower  stiaulus  frequanoies!  whereas  the  vestibular  patients  usually  learn  to 
adapt  at  these  fraquenoies!  only  showing  latbalanae  in  tha  higher  frequency  region  for  a  longer  period  of 
time  (Dies  at  al4  1963)4 

TIm  findings  in  tho  tilting  room  are  Interesting  from  the  point  of  view  that  in  this  teat  tha  otoliths 
should  be  involved  more  than  the  sealalrattlar  oanalu.  Horeover!  the  test  oonditlon  rasenbles  the  real 
conditions  better  than  oupulonetry  doesi  It  should  be  notloed  that  the  sarllsr  InveBtigators  were  well 
aware  of  tha  fact  that  they  used  oupulonetry  in  spite  of  the  faot  that  saaeioknasB  at  that  tine  was 
thought  to  be  due  to  overstlsulatien  of  the  otolithio  system  (of.  Hsason  and  Brand  1975!  P-  189) 1  de  Wit 
(1953!  p.  31)  notloed  this  duality  but  propagated  oupulonetry!  while  he  did  not  suoosed  in  finding  a  reli¬ 
able  test  for  examining  the  otolith  apparatus  at  that  time! 

As  a  ooiiolusion  of  this  preliminary  ahslyils  it  may  be  stated  that  1)  the  slope  of  tho  sensation  oupulo- 
gren  is  not  a  good  parsmeter  for  prediotlng  asasioknesa  sueoeptlblllty!  2)  a  vestibular  ihbalanoe  aay 
anhanoe  aurjoeptibility  to  asaalokneaa  or!  aore  generally!  motion  sloknaas!  and  3)  Interaotions  of  the 
otolithio  and  visual  syatena  aay  be  organised  in  a  different  way  in  aeasloknosa  susoeptlbles!  The  faot 
that  examination  with  the  tilting  room  la  essentially  an  axanlnatian  on  sensory  Intarautlons!  uhareaa 
current  oonoapta  about  teosioknesa  ars  mostly  in  terms  of  sensory  rsarrsngsssnt  (Besson  and  Brand  1975)! 
makes  it  worthwhile  to  prooeed  with  the  resesroh  on  seasioknesa  susospblblllty  in  sensory  interaotions. 
Horeovei'i  motion  siokness  is  not  only  due  to  visual-vestibular  interaotions  but  depends  also  on  aosiato- 
ssnsory  infomstlon  (Bias  1961))  it  sust  be  borne  in  mind  that  a  large  lateral  postural  sway  may  also  be 
due  to  non-adaquate  soaiatoBansory  Information. 
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PISCTgfIPM 


CLAUSSBMi  1  WIKI  vary  istaraitad  la  Mting  your  firat  alida  and  tha  allda  whara  you  ahowad  tha 
caloric  taat  avaluatloa  Iroia  tha  suacaptlblc  paraona  to  sotlon  alckaaaa  aod  tha  neraala.  You  aald. 
thara  vara  aora  vaatlbular  aayaaittriaa  In  tha  pathological  caaaa.  Hov  did  you  find  that  thaaa  vara 
vaatlbular  labalanoaa  and  not  brain  ataa  iabalancaa?  Doaa  your  formula  allov  thla  dlacriainatlon? 

bLESi  Wa  cannot  ba  conplataly  aura  but  va  hava  at  laaar  no  indlctlon  that  thara  la  a  brain  ataa 
malfunction  In  thaaa  patlanta.  Tha  routine  EMC  axaalnatlon  taata  llko  OEM|  aaooth  puraualti  and  fixa¬ 
tion  auppraaalon  providad  no  avldanea  for  aaynaatrlc  laalona  In  brain  ataai  or  ctraballua. 

JOMEbi  In  tha  Air  Vorea,  va  ara  not  graatly  coneernad  vlth  aaaalcknaaa,  but  I  vaa  vondarlng  If 
thara  night  ba  any  dltfaranca  batvaan  vaatlbular  ocular  conflict  among  poopla  vho  vork  Inalda  tha  ahlp 
and  thoaa  vhn  vork  on  tha  dackT 

BLEEi  Aa  far  aa  I'va  baan  told  by  thaaa  aubjaota,  thara  la  qulta  a  dlffaranoa  baiug  In  tha  abip 
or  on  tha  daok«  Hoatly  tha  aymptaa  ara  laaa  vhao  thay  ara  up  on  tha  dack. 

VON  gAUMBABIKNi  Ellataral  iiynatCrlaa  could  play  a  rola  In  apaca  motion  alcknaaa  aa  vall< 

BLES:  Thank  you  tor  your  coamant. 

VON  GlEkU:  Did  you  conaldar  tha  Invaraa  taat  having  tha  room  atatlonary  and  oaclllatlng  tha 
aubjact'a  platfoima 

BLESi  Quantitative  analyali  vlth  atabllonatry  la  vary  difficult  It  not  Impoaalbla  bacauaa  of  tha 
Induced  nonplaa  body  movaaanta  vhan  tha  platform  la  tilting.  Pralimlnary  aaparlmanta  vltb  tha  plat¬ 
form  couplad  to  tha  tilting  room  ahovad  that  healthy  aubjueta  hava  atvara  problwa  In  kaaplng  tha 
upright  poaltlon  and  that  all  patlanta  had  Co  ba  aupporcad  vhloh  maana  that  tha  taat  did  not  hava  a 
dlagnoatlc  valua  anymora.  Bamlatatlc  taata  In  vhich  tha  aubjgota  control  tba  tilt  of  tha  platform 
aaam  to  ba  aora  pruaialng.  Tha  aualyalg  of  thaaa  data  la  not  yat  conplatad. 
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SUMMARY 

This  paper  reviews  some  of  the  laboratory  tests  of  motion  sickness  susceptibility 
that  have  been  evaluated  over  the  years  at  the  Havel  Aerospace  Medical  Research  Laboratory 
In  Pensacola*  The  discussion  focuses  on  1)  the  procedures  used  to  rate  the  extent  of  sick- 
nessi  2)  how  the  Intent  of  testing  Influences  the  outcome;  3)  the  problem  of  measuring 
adaptatlva  potential;  4)  af taref fects;  and  5)  the  relatlonahlp  of  these  tests  to  success 
In  flight*  Individual  tests  which  are  discussed  Includes  Brief  Vestibular  Disorientation 
Test,  Coriolis  Sickness  SusceptlMllty  Test,  Sudden-stop  Vestlbulovisusl  Test,  Tllted-Axls 
Rotation  Test,  and  the  Vlsual/Vestlbular  Interaction  Taat* 

introduction 

This  paper  Is  a  revlaw  of  five  laborstory  testa  of  motion  sickness  susceptibility 
that  have  been  evaluated  over  the  yeere  at  the  Naval  Aeroepace  Madlcal  Raaearch  Labora¬ 
tory  in  Pensacola*  These  tests.  Involving  Coriolis  stimuli,  off-verclcal  rotation, 
vlsusl/vestibulsr  Interactions,  were  developed  with  the  objective  of  predicting  indivi¬ 
dual  susceptibility  to  slrsicknese  and  space  elcknass.  However,  there  Is  much  work  left 
undone  and  this  abort  review  reflects  some  thoughts  on  both  past  accomplishments  and 
future  dlrsot ions* 

CORIOLIS  (CftOSS-COUPLUD  ANGULAR  ACCELERATION)  STIMULUS  TESTS 
Brief  VesClbular  Dlsorlantatiou  Teat  (1,  2,  3,  4,  S,  6,  9,  12,  13) 

More  subjscts  havs  taken  this  test  then  probably  any  other  laboratory  test  of  notion 
Susceptibility*  The  Brief  Vestibular  Disorientation  Test  (BVDT)  Involves  passively 
rotating  an  erectly  seated  vlth  eyes  closed,  at  a  constant  90°/s»  After  30  s  at 
cgnatent  velocity  the  ^  nak?l  45°  head  movements  (Pig*  1)  every  30  s  according  to  the 
following  order]  head'*rlght,  upright,  head  left,  upright,  head  right,  upright,  head 
left,  upright,  head  forward,  upright*  The  total  time  of  rotation  Is  5  1/2  minutes* 
Following  the  BVDT  each  S  completes  e  brief  self-rate  questionnaire  concerning  Uiw  re¬ 
action  to  the  test,  sad  Ts  rated  by  oboervecs  for  eigne  of  motion  sickness* 


^  Flgur*  1 

(a)  (b) 

Brief  Vtatlbular  Oivorlantatlon  Dtvlca 
Subject'*  head  In  tht  upright  (a)  and  laft-tlltad  (b)  poaltlona 


Data  (13)  from  a  group  of  SS2  itudant  Naval  Plight  Offlcare  (non-pilot  catagory)  la 
ahewn  In  Fig.  2.  It  la  claar  from  thla  flgura  that  ratar  (obaaevar),  aalC-rata,  and 
follow-up  (aftaraffaot)  acorea  ara  atrongly  akewed  toward  high  acoraa  (high  auacaptlbll- 
Ity) .  Dua  to  tha  uatura  of  thla  type  of  dlatrlbutlon  thla  toat  may  ha  uaaful  In  datact- 
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i.ng  extremely  rtasceptibie  individuola  but  is  probably  not  useful  in  establishing  even  a 
tank  order  among  most  individuals  of  average  susceptibility.  This  particular  group  of 
students  is  the  subject  of  the  next  paper  which  traces  their  inflight  incidence  of  air- 
nickness  through  three  phases  of  training.  As  you  will  see,  their  inflight  airsickness 
docs  not  correlate  highly  with  their  BVDT  scores.  Some  of  this  low  correlation  is  likely 
due  tu  the  skewed  BVDT  distributions  and  perhaps  a  different  ststletlcal  approach  (e.g., 
point  biserlal  analysis)  would  Improve  theae  correlations.  In  one  of  the  initial  studies 
describing  development  of  this  test  Ambler  and  Guedry  (5)  found  that  the  BVDT  correlated 
significantly  with  later  se para t ion  from  flight  training  for  any  reason  (.165)  ,  tension 
or  airsickness  (.272),  alrslckneas  only  (.413). 


The  low  correlation  with  inflight  airsickness  is  in  part  due  to  a)  the  brief  one-ahot 
teat  exposure  which  lacks  the  ability  to  eetlmate  adaptatlve  potential,  and  b)  the  somewhat 
mild  stimulus  which  produces  a  highly  skewed  distribution  of  scores  designed  primarily  to 
detect  the  extreme  reactor. 


Figure  2 

BVDT  rateti  aslf-rate,  and  follow-up  score  distributions  (N^SSl) 

Coriolis  Sickness  Susceptibility  Index  (CSSI)  (14,  15,  16,  17) 

Ptlor  to  dlscuaslng  the  Coriolis  Susceptibility  Index  (CSSI),  1  want  to  mention  an 
earlier  test  (the  Dial  Taat)  which  had  some  Influence  in  CSSI  development  and  If  it  had 
received  additional  attention,  could  have  evolved  as  a  major  taat  in  this  ares. 

The  Dial  Test  (10)  was  an  attempt  to  force  specific  head  and  body  movements 
(Coriolis  stimuli)  and  to  relate  a  measure  of  performance  to  this  s t Imulu s/ rasponse 
complex.  Figure  3  shows  the  response  aoquonoe  required  during  rotation  (7.5  rpm)  on  the 
Slow  Rotation  Room.  In  the  initial  report  describing  the  Dial  Test,  Kennedy  and  Qtsybiel 
compared  three  groups  of  subjects:  100  incoming  flight  students,  40  experlancsd  aviator 
pre-flight  Instructors,  ond  25  test  pilots.  The  test  produced  sickness  in  70,  30,  and 
5  percent  of  the  reepective  groups  (vomiting  in  10,  0,  and  0). 


Figure  3 

Dial  Test  -•  Dial  setting  sequence 


One  difficulty  with  the  Dial  Test,  and 
ochar  proesdures  being  used  st  the  time,  was 
the  great  range  of  aymptom  expression  and  the 
late  of  a  method  to  grade  or  rate  the  nllclt- 
ed  motion  sickness  symptoms.  Some  investigators 
were  using  vomiting  as  an  endpoint;  howevet, 
this  proved  unacceptable  to  both  subjects  and 
observera  particularly  with  repeated  exposures. 

To  remady  this  situation  Dr.  Orayblel  devised  s 
method  for  grading  the  severity  of  motion  sick- 
nase  (7).  This  method  for  grading  symptoms 
underwent  several  rafinamenta  and  was  combined 
with  s  set  of  head  and  body  movements  (Coriolis 
stimuli)  to  produce  "s  provocative  teet  for 
greding  susceptibility  to  motion  slcknees  yield¬ 
ing  a  single  numerical  score."  This  test  pro¬ 
cedure  has  baan  gsnarally  called  the  Coriolis 
Susceptibility  Index  or  CSSI  (pronounced  sissy). 

Thg  CSSI  test  requlrsd  a  sastsd  subject  to 
maks  90°  head  movements  in  four  qiixc'enta  accord¬ 
ing  to  the  following  order:  front,,  upright, 
pause;  right,  upright,  pause;  back,  upright, 
pause;  left,  upright,  pause;  front,  upright, 
rest  (Fig.  4),  The  chair  velocity  was  dsteruln- 
sd  by  several  pzelimlnsry  tests  and  question¬ 
naires  and  waa  limited  to  one  of  the  following 
constant  valocitlas  (2.5,  5,  7.5,  10,  12,5,  15, 
20,  25,  30  rpm).  The  CSSI  acores  were  computed 
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by  multiplying  the  number  of 
Che  average  relative  stimulu 
Miller  and  Grayblel  (17)  £ou 

of  chair  velocity  llog  x  log 
minutes*  Fig.  5  shows  a  dla 
related  personnel) .  Inspect 
scores*  Remember  that  with 
billtv  whereas  a  high  CSSI  s 
distribution  of  scores  on  th 
detecting  Individuals  who  ar 


head  movements  at  the  testing  rpm  by  a  factor  B  which  was 
effect  of  A  single  head  movement.  In  a  aeparste  study* 
nd  that  the  E  factor  could  be  expressed  as  a  linear  function 
)  and  that  the  duration  of  the  test  was  usually  lass  than  IS 
tributlon  of  CSSI  scores  for  250  nornal  subjscts  (aviation 
ion  of  the  distribution  reveals  a  strong  skaw  toward  high 
this  test  a  low  CSSI  score  Indicates  high  motion  suscaptl- 
core  indicates  considerable  immunity  to  motion  alckness.  The 
1b  test  aeemo  to  auggeat  that  It  would  be  bast  suited  for 
e  relatively  resistant  to  motion  aicknem. 


miimt  mm 


To  aummarise  thaae  two  s'^proachaa  to  Gorlolia 
atlmulua  tasting:  the  BVDT  Involves  rating  the  de¬ 
gree  off  eymptom  axpreaalon  to  a  nonvarlabXa  physical 
Btlnulua  aat  <10  head  movamanta  ovar  5  1/2  minutes)* 
the  CSSI  involves  always  taking  the  subject  to  a 
selected  symptom  level  and  then  rating  physical 
atlmulua. on  the  basis  of  its  average  vestibular 
stress  value  (Z  factor  tines  the  number  of  hsad 
movenenta) •  Aa  currently  dasignad  each  procadure 
reeulta  In  a  strongly  akewad  diatrlbution  of  scores. 
The  BVPT  nay  bat' detect  an  axtreaely  ausceptlbla 
individual  and  ihs  CSSI  may  battar  detect  an  ex- 
trenaly  resistant  individual*  Nalther  tast  attempts 
to  provide  a  maaaura  of  adaptative  potential. 
Adaptative  potantlal  la  a  factor  that  will  hava  to 
be  measured  if  we  ere  to  improve  these  rating  meth¬ 
ods;  however*  the  problem  la  how  to  do  this  both 
accurately  and  with  a  short  period  of  teatlng*  It 
la  my  opinion  that  the  two  or  three  repeated  ex- 
poaurea  will  not  provide  an  adequate  eatlmata  of 
adaptability*  Howavar*  a  second  exposure  to  a 
crosa-couplad  stimulus  will  probably  yield  a  better 
eatiaeta  of  currant  susceptibility  sines  it  will 
not  be  contaminated  by  the  unaxpactadness  of  the 
experienced  motion  (occaaionally  a  'fear*  reaction). 

VISUAL-VESTIBULAR  CQHFLICT  TESTS 

VlBoal-Veatibular  Interaction  Test  (12,  13,  19) 


Figure  4 

Diagram  of  standardised  procadure 
for  making  each  sequence  of 
had  movements  to  end  from  tilt 
position  1  through  5  during 
chair  rotation 


In  the  Visual-Vestibular  Interaction  Test 
<VVIT)  the  erectly  stated  £  la  passively  and 
sinusoidally  oscillated  at  0.02  Ha  with  s  peak 
angular  velocity  of  155^/e  while  he  attempts 
to  retrieve  data  from  a  visual  display.  The  axla 


Figure  5 


Distribution  of  Coriolis  Sickness  Susceptibility 
Index  (CSSI)  among  250  normal  subjects. 
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of  vocation  la  verclcal  and  the  ^  la  encapsulated  within  a  chamber  (Fig.  6)  which  ro- 
malna  completely  dark  until  presentation  of  the  visual  display  (Fig.  7).  Subjects  are 
instructed  Co  use  the  coordinate  system  to  find  the  corresponding  digit  embedded  within 
the  matriJc.  Once  the  digit  la  located,  the  £  reports  It  along  with  the  next  two  digits 
below  It.  Coordinates  are  Issued  via  a  tape~recotdtng  avary  7  s,  with  a  total  of  42 
commands.  Following  the  test  esch  student  completes  a  brief  queatlonnelre  concerning 
his  roautlon  to  tha  test  end  two  observers  rate  the  magnitude  of  overt  motion  alckneas 
signs.  The  rater,  self-rate  and  follow-up  scores  on  thlu  test  ate  almost  Identical  to 
those  used  with  the  previously  mentioned  BVDT  procedure.  The  reeulting  dlatrlbutlons 
are  shown  In  Figure  B  and  again  they  are  skewed  toward  higher  scores  (stronger  signs/ 
higher  susceptibility). 


Figure  6 

Visual -Vastlbulat  Interaction  Teat  Device 
During  tasting  the  black  shroud  completely  occluded 
the  aubject'e  external  visual  reference. 


Figure  7 

WIT  Vlsuel  Display 


It  nay  be  Interesting  to  nets  that  during 
development  of  this  test  It  was  found  that 
the  display  cumplaxlty  playsd  an  important  role 
in  catebllehlng  the  nsussogsnlc  quality  of 
the  test.  For  instance,  using  the  seme  physi¬ 
cal  vetilbuler  stimulue,  a  3  digit  display 
was  typically  not  nsuseogenlc  whereas  a  7 
digit  diaplay  was  somewhat  nausaoganlc  and 
the  12  X  i2  matrix  was  quits  nsuseogenlc  (121 
abort  tha  5  minute  test)  .  One  would  suspect 
that  this  test  would  be  useful  In  detecting 
thove  Indlvlduele  who  gat  motion  sick  while 
reading  in  a  moving  vehicle  (s.g.,  navigation 
duties);  howt'Var,  it  has  s  gensrslly  low 
correlation  with  reported  Inflight  alrslckneas. 

I  ehould  note  that  with  repeated  erposures  (ten 
seeelons)  I  have  personally  adapted  fairly 
rapidly  to  this  stimulus  situation  whertss  1 
have  had  only  limited  sucesaa  adapting  to  a 
croes-couplad  stlmulua  with  much  more  axpoaura, 

I  am  particularly  cnthuslaatlc  about  this  pro¬ 
cedure  since  It  offers  a  altustlon  where  the 
rata  and/or  aavarlty  of  slcknaaa  can  apparently 
be  altered  by  changing  e  atatlc  display  without 
necessitating  changes  In  the  motion  condition  ■ 
in  othar  words,  wa  may  be  able  to  changt  display 
dynamics;  howevsr,  we  probably  won't  be  able  to 
change  aerodynamics. 


The  Sudden-Stop  Vsatlbulovlsual  Teat  (6,  11) 


Tha  Suddan-Stop  Vastlbulovliual  (SSV)  test  Involvaa  accelerating  (15°/sac  )  a  aub- 
Jact  to  a  conatant  valccity  (300°/aac),  holding  at  chat  velocity  for  30  sac  and  then  rap¬ 
idly  dacalaratlng  (1.5  sac)  to  a  stop  followed  by  a  30  etc  rest.  This  basic  saquanoa  Is 
lapsatad  20  times  with  ayts  blindfolded  then  an  additional  20  tlmaa  with  uyas  open  and 
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to  90  40  M 

WIT  RATeR  SC0R£ 


WIT  SELF -RATE  SCORE 


VVIT  FOaOR-UF  SCORE 


Flgura  8 

VVIX  r«t«r,  iitilC-rACn,  and  follow-up  aeor*  dlitrlbutloni 


than  If  nacaasary  anoChar  20  tlmaa  again  with  eyau  opan.  but  ualng  tha  oppoilta  dlrantlon 
of  rotation.  In  the  oyaa  opan  condition  tha  aubjact  vlewi  a  dark  cylindrical  aurround 
which  haa  6  vortical  whlta  atrlpaa  (Fig.  9).  Bach  Individual  contlnuaa  axpoaura  until 
they  reach  the  slight  "nausea"  endpoint  as  datlnad  by  the  diagnostic  grading  prooadure 
davelopad  by  Grayblali  at  al.  ( 7 , lA  .  16 , 17 )  •  Vhan  thta  point  Is  raachad  aach  subject  ra- 
celves  a  score  which  Is  one-half  tha  numbar  of  stops  with  ayas  covarad  plus  thr  number  of 
stops  with  eyas  open  plus  twice  tha  number  of  stops  aftar  tha  direction  of  rotation  has 
been  rsversad.  Since  this  procedure  has  only  racantly  evolved,  a  normative  data  base  on  a 
large  population  Is  not  yet  available.  Whan  more  data  are  oollcctad  with  this  procadura, 
thu  arbitrarily  assigned  walghta  for  the  different  atop  procedures  can  be  batter  evaluated. 
Xhls  taut  also  seams  to  have  a  novel  (possibly  fear)  uomponsnt  which  In  present  on  first 
axposuro  (7/lA  aborted  during  ayae  closed)  but  which  Is  lass  evldant  on  tha  second  expo- 
sura  (1/lA  abortad  during  ayes  closed)  . 

Because  we  normally  function  with  our  ayas  opan,  particularly  In  motion  situations, 

1  propose  that  continued  work  on  visual-vestibular  Interaction  tests  will  prove  to  be  tho 
best  predictors  of  nation  slcknssu  In  most  human  performanos  syetaas. 


Figure  9 

Xsst  ohanbar  and  rotator  usad  for  tha  Suddau-stop  Vastlbulovlaual  last 
OFF-VERTICAL  TESTS 

Tlltad  Axis  Rotation  Test  (TART)  (12) 

In  tha  TART,  rlia  aractly  atnndliig  S  la  aacuraly  fastened  in  a  Uttar  device  capable 
of  rotation  about  an  axle  that  can  ba  tilted  relative  to  gravity  (Fig,  10) .  Tha  ^  la 
blindfolded  and  tasted  In  a  darkanad  toon.  In  tha  first  trial,  tha  1  Is  acoslaratsd  at 
2S°/a^  in  a  clockwise  (CW)  dlraotlon  with  tha  axis  of  rotation  vartioal,  l.a.,  aligned 
with  gravity.  The  aocalaratlon  is  tarninatad  upon  raaching  60  /a  (10  rptt)«  and  this  con¬ 
stant  velocity  was  Balntalnad  for  90  a  and  than  tha  S  la  dacslaratad  at  IS^/a*  to  a  atup. 
The  aecond  trial  la  Idsutloal  to  the  first,  with  tha~axeaptlovT  that  rotation  la  In  a 
uountarclockwirc  (CCW)  direction.  Xn  tha  third  and  fourth  trials  tha  axle  of  rotation 
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ia  tiltad  30°  off-vertlcal  (Fig.  10)  and,  with  the  axla  remaining  tilted,  the  rotation 
velocities  and  accelerations  deocrlbed  In  Trials  1  and  2  are  repeated.  The  is  always 
Btgppad  In  the  nosa-up  position.  In  the  fifth  and^alxth  trials  tha  H  remains  tilted  at 
30  off-vertical  and  again  Is  acoalarated  at  25"/a^.  A  constant  velocity  of  102“/o  (17  rpm) 
Is  used  for  this  pair  of  trials.  Tha  Interval  batwaan  trials  Is  approxlnataly  5  minutes. 
Following  the  test  each  subject  completes  a  brief  self-rats  questionnaire  concerning  his 
reaction  to  the  Cast  and  Is  rated  by  ofasecvara  for  algna  of  motion  sickness.  The  rater  and 
self-rate  procedures  are  Identical  to  those  used  In  the  previously  mantlonad  BVDX  and  WIT. 
Since  It  la  not  uncommon  for  subjects  to  ternlnate  tha  TART  prior  to  Its  complatlon,  tha 
rater  and  self-rate  scores  were  welghtsd  with  respect  to  the  number  of  trials  completed. 
Hater  and  self-rata  acoras  of  Individuals  completing  six  trials  ware  multiplied  by  0.6S, 
Bines  approximately  03  percent  of  a  random  unsalaoted  group  of  subjacts  completed  six 
trials.  In  a  similar  manner  tha  scores  of  Individuals  completing  five  trials  vers  multi¬ 
plied  by  0.73,  four  trials  were  multiplied  by  0,90,  and  three  trials  wars  multiplied  by 
0.9S.  Subjects  who  vara  unabla  to  complete  an  off-vertlcal  trial  (third  trial)  wsra 
assigned  their  raw  scores.  This  method  of  weighting  Tatar  and  sclf-rsta  soorea  on  tha 
TART  Is  arbitrary  and  may  need  future  revision,  Data  distributions  for  an  airsick  group 
(H>47)  and  an  unselected  or  'comparison'  group  <ll>80>  are  shown  In  Fig,  11. 

Another  off-vertlcal  procedure  (18)  has  been  used  to  generate  motion  slcknass  eymptom- 
ology  at  Pansacola;  howevar,  It  has  not  been  admlnlstarad  to  a  large  normative  population, 
Millar  and  Qrayblal  (1970)  rotated  a  saatad  subject  et  one  of  several  salected  velocities 
(2,5,  3,  IQ,  IS,  20,  25,  30,  90,  45  rpm)  and  aftar  60  seconds  tilted  the  rotating  chair  at 
5  /sec  to  a  tilt  posltlod  salactad  from  among  2,5,  5,  7,5,  10,  15,  20,  or  25  degrees  (Fig, 
12),  The  rotation  contlnuad  for  one  hour  or  until  moderate  malaise  was  allcltad.  With 
tha  limited  number  of  Individuals  tastad  with  this  procedure,  it  appears  that  tha  test 
duration  varies  beewssn  5  and  20  minutes  dapanding  on  tha  extant  of  the  off-vartloal  axis. 

It  may  ba  Interesting  to  note  that  the  first  procedure  (TART)  appears  to  ba  mors 
nauseoganlc  than  the  second  procadure,  This  dlffarenca  is  most  likely  due  to  ths  fact  that 
the  second  procadure  uiaa  constant  rotation  for  up  to  one  hour  to  allcit  symptoms  whereas 
the  TART  uses  a  short  sarlaa  of  acoalara tl on/dacalerat Ions .  In  a  blindfolded  subject,  the 
strongaat  otolith-canal  conflict  would  ba  aisoolatad  with  daoalacatlona  and  tharaforo  tha 
incroaaod  number  of  dacalarationa  In  the  TART  probably  accounta  tor  Its  Inoraaaad  nauaao- 
ganic  valua.  In  ganaral,  thaaa  off-vartloal  proetduras  do  not  aaam  tu  elicit  a  itrong 
'fsar'  reaction  on  Initial  axposura. 


(a)  (b) 

Tllted-Axiu  Rotation  Davlcai  (a)  vertical  position)  (b)  3D  dagraaa  off-vartloal 
OFHRHAL  UlSCUSaiOM 

Daaitable  traits  for  a  motion  eloknaaa  auacaptibllltv  teat 

a.  Any  laboratory  test  of  motion  slcknass  auacaptlbllity  will  ha  Judged  primarily  an 
Ita  ability  to  gansraliss  to  other  axposura  situations,  Tha  pramlsa  that  motion  alcknasa 
la  a  personal  trait  which  should  btsicslly  ganarsllsa  across  motion  conditions  la  s  most 
Important  concept  end  Is  tha  basis  of  much  of  our  tsatlng  although  there  era  questions  about 
Idiosyncratic  suscaptlblllty  to  particular  motion  stimuli.  With  a  group  of  unsslsctsd 
subjects,  oorralatlcns  batwsan  ths  BVDT,  VVIT  end  TART  wars  fairly  high  (rs^O.5)  d 
statistically  significant  (12).  However,  with  elraiok  referrals  ths  Intsrtsst  oortalstlons 
(rater  and  aalf-rate)  vara  low  and  ganarally  not  significant.  Bactuaa  thaaa  teats  are 
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Intent  lonally  fnltly  mild  and  designed  to  detect  susceptible  teaponde):s  they  lack  resolu¬ 
tion  among  airsick  referrals.  It  is  possible  that  resolution  among  airsick  referrals  could 
be  improved  by  adjusting  the  difficulty  of  each  test  in  an  effort  to  elicit  mesaurebla 
ceactlcns  which  would  better  resemble  e  normal  distribution.  In  this  regard,  taking 
every  individual  to  a  selected  symptom  level  might  Improve  intertest  correlst ions . 


Figurs  11 

Cumulstlve  porosnt  distributions  for  TART  rater  and  aslf-rets  soorssi 

In  general,  ell  of  these  teeti  have  had  fairly  low  corralations  with  fiald  oon- 
ditlena.  Uou  can  prediction  or  generellt ability  be  improved?  For  e  maee  taetlng  eltue- 
tiou  (l.e<,  all  pilot  oandldatea),  ona  would  have  to  conalder  rtduolng  tha  falaa  poattlva 
pcadlctlons  end  therefore  an  evan  milder  teat  may  batter  identify  the  really  extrema 
reapondsr.  Although  the  incldenae  of  ftlsa  negative  predlctloiia  would  be  high  in  thle 
case,  if  the  idantlf icetlon  of  poeltivo  cases  were  always  corrsct,  than  aslsctlon  parscnnal 
would  surely  be  quite  Interested.  If  testing  is  llmltad  to  smell  groups  or  individuals, 
then  test  develupment  should  probably  fouue  on  approximating  the  fiald  condition  (1>oth 
stimuli  end  duration  of  exposure)  as  closely  ee  poealbla  which  ideally  will  reduce  the 
ganeruliseblllty  problem.  Accuracy  of  testing  might  also  bs  Improvad  by  developing  object¬ 
ive  physiological  monitoting  of  symptoms  instead  of  relying  on  obuarvst  ratings  or  sslf-rets 
reports.  It  is  my  opinion  that  although  these  syetene  would  be  nice,  they  era  not  yet 
needed.  Although  the  methods  of  subjective  obeervetlon  ere  not  technologicelly  impressive, 
they  ere  more  then  edequete  for  identifying  the  major  sloknees  symptoms  which  tend  to 
effect  pnrformaucs  and  motivation. 


Figurs  12 

Diegrem  of  epperetui  used  In  otf-vertloel  rotation  test. 

b.  A  lebotetory  teat  of  morion  sickness  suaueptlblllty  nsads  e  maasuts  of  adsptatlvs 
potsntlal.  In  moat  casss  where  thaac  teats  heva  been  sdmlnlstared  to  tha  asms  subjects 
on  a  rspaatad  basis  the  tasting  objective  wee  not  to  aeesure  edaptetive  potential  but  to 
maaiure  tait-reteat  rallablllty  or  to  aarv#  as  tha  basis  of  avalustlng  drug  ef factlvanaas 
stc.  and  tha  Intarvala  bstwssn  sxpnsurss  have  been  long  In  an  effort  to  minimise  edeptetlve 
shifts.  The  time  involved  in  repeat  exposurae  is  for  many  uiere  unaccaptabl*  end  if  for 
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no  other  raueon ,  1  would  gurae  that  thia  approach  to  meaaurlng  ttdaptotiva  potential  will 
not  aurvive.  A  quick  itioaaure  o£  adaptative  capacity  might  ultimately  be  obtained  by 
meaauring  a  CNS  perceptual  aftereffect  which  auparf Icially  may  not  aeem  directly  related 
to  the  veatlbular  ayataa  (i.e,,  visual  spiral  aftereffacu)  |  howeveti  this  will  nob  be 
easily  accomplished. 

Many  people  overlook  the  possibility  of  sutlmatlnK  adaptative  potential  by  measur¬ 
ing  the  magnitude  and  duration  of  aCtareCfacts  daring  recovery  from  a  single  exposure. 

Ona  problam  with  thia  approach  Is  its  dapandenca  on  a  truthful  subject  report.  I  believe 
morn  effort  will  be  made  to  measure  aftereffects  particularly  btcauea  of  the  numerous 
reports  of  slcknoss  end  eftereffects  following  flight  simulator  exposurs.  This  ares  will 
also  racaiva  attention  due  to  the  inersaaing  concarn  for  the  protection  of  our  human  Bub- 
Jucts  ones  they  depart  the  testing  environs. 

c.  A  third  trait  that  is  duilrabla  for  a  laboratory  teat  of  motion  sickneae  is  a 
short  administration  time.  In  situations  whsre  large  numbers  of  flight  candldstss  are 
being  tested,  20-25  Individuele  must  ba  tasted  in  no  more  than  3-4  hour*.  This  factor 
loses  importance  in  uituatlona  limitad  to  smell  groupi  or  Individual  subjacts. 

d.  Ideally  tha  parfact  motion  sickness  sueceptlbiltty  cast  would  not  nned  specialized 
equipment  or  highly  trained  personnel  -  snd  thus  tha  cost  of  administration  would  rsmsln 
low.  Thia  Is  the  least  Important  factor  end  could  ba  overlooked  it  the  other  factors 

can  be  maximized, 
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U18CLA1MER 

Oplnlona  or  oonclualona  contained  in  thia  report  ara  thoae  of  the  euthora  and  do 
not  nacaaaarlly  reflect  the  vlewe  or  endoruament  of  the  Mavy  Departoant. 


aigcugaioii 

KUBlMi  l'>  Intereetad  in  your  teaerka  on  the  coaiplanlty  ut  a  target  and  proclivity  to  mntlon 
alcknaaa.  I've  alwaya  thought  that  diatraotlon  of  the  type  you  indloatad  reduoad  Inoidenca  of  notion 
aioknaaa,  yet  you  indioate  that  it  night  bn  woraa.  Thia  baa  inplicetiona  for  apaoa  notion  aicknoat. 
Farhapa  aone  of  our  apace  protocola  abould  be  nora  alnplified  than  they  are. 

LEMTZi  Yea,  it  atone  oruoial.  Aa  you  inarataa  dieplay  cenplerlty  it  eppeare  that  you  alao  In- 
ereate  notion  aioknaaa  Ineldanoa  (axanple  3  dlgita  -  7  digite  -  12  a  12  natrix). 

JODIS !  Our  eKparianot  hat  bean  that  aone  fliera  getting  airaick  try  to  ignore  their  pranonitory 
tynptona  and  thua  find  tbanaalvaa,, rather  auddanly  vonitiug.  Thia  ia  the  antitbaaia  of  «bat  our  lab 
waa  teaching,  that  they  ahould  attend  to  their  aynptona  and  dlniniah  than  by  relaxation  prooadurea. 
Oottld  thia  affect  at  laaat  partially  account  for  your  finding  that  ccatplaxity  of  viaual  teak  uaa  pooi- 
tlvely  aaaociatad  with  notion  aicknaaat 

LOtZi  lo  nany  caaat  a  auacaptibla  individual  concentrating  on  perfoming  the  natrit  teak 
without  orror  and  having  no  error  atill  exhibited  very  atrong  nauaaoganic  raapouaea.  Xn  auii,  juat 
concentrating  on  the  teak  doean't  aewa  to  allaviata  the  aickaaaa  nuob. 

HOHITi  X  uaderatand  that  the  laraell  airforce  uxaa  a  technique  wharaby  early  in  tbw  aalaotion' 
procaaa  the  candidate  proapecta  are  put  into  a  traneport  aircraft. 

LUTZ  I  If  wa  look  at  people  who  are  not  aick  and  I'n  talking  about  the  F3  aircraft  now,  1  don't 
have  tha  infonatioa  tor  all  of  the  different  equadrone,  then  only  17Z  of  thoee  ate  getting  aick  when 
they  get  into  tha  fleet  readineii  aqundron  In  the  F3  aircraft. 
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RESULTS  OF  A  LONGITUDINAL  STUDY  CF  AIRSICKNESS  INCIDENCE 
DURING  NAVAL  FLIGHT  OFFICER  TRAINING 
by 

W.  C.  Hixson,  F.  E.  Quvdry,  Jr.,  and  J.  M.  Lenbz 
Naval  Aerospaca  Madioal  Resaaroh  Laboratory 
Pensacola,  Florida  32508 
U.S.A. 


SUMMARY 

This  paper  outlines  the  results  of  a  longitudinal  study  of  airsickness  in  a  large 
sanple  population  of  Naval  Flight  Offloers  (NFOs)  being  trained  to  perforn  various 
nonpllot  flight  duties  prior  bo  assignment  to  operational  fleet  squadrons.  The  study  has 
oonoentrated  on  the  aoqulsltlon  of  alrsioknesa  data  on  an  Individual  student  basis  as 
training  progressed  from  the  baslo/prlmary  level  through  the  advanoed/seoondary  level  to 
the  fleet  readiness  squadron  phase  for  each  of  the  major  NFO  training  pipelines.  The 
primary  objeotlvas  of  the  study  were  to  define  the  inoldenoe  of  alrslnkness  in  eaoh  of 
the  training  squadrons  and  to  Identify  dlfferenoes  In  the  motion  stress  exposure 
assoolated  with  the  different  pipelines  that  oan  affeob  deulslons  on  the  Initial 
saleotlon  and  assignment  of  NFO  oandldates.  A  secondary  objeotlve  was  bo  relate  the 
Inflight  alrsioknesa  data  to  the  results  of  several  short  bests  of  motion  reactivity 
given  to  a  segment  of  the  study  population  prior  to  their  beginning  flight  training. 


INTRODUCTION 

This  paper  Is  a  summary  of  a  aeries  of  researoh  reports  (T-IB)  doeling  with  a 
longitudinal  study  of  alrsioknesa  In  Haval  Flight  Offiotr  (NFO)  students  being  trained  to 
perform  speolallzed  nonpllot  flight  duties  aboard  various  fleet  aircraft.  Aa  a  matter  of 
background  the  longitudinal  study  originated  as  a  result  of  numtrous  airsickness  problams 
and  questions  that  wart'  directed  to  bhls  aotlvlty  by  training  command  personnel 
responsible  for  delivering  qualified  NFOs  to  the  fleet,  by  flight  surgeona  responsible 
for  the  madioal  managemtnb  of  naval  aviation  alrorews,  and  by  career  naval  aviators  and 
flight  offloara  exparlenolng  ohronlu  alrsioknesa  dlffloulties  during  performanoe  of  their 
fleet  flight  duties.  Training  command  parsonnal  raised  questions  oonoernlng  the  overall 
ooat  of  tha  alrslokneaa  risk  bo  the  NFO  training  program.  Speolflo  problems  Included 
degradad  flight  perfornanoa  of  alralok  students,  the  need  to  repeat  hops  when  performanoa 
was  Inadaquetc,  loss  of  personnel  and  braining  time  due  to  airslokness-releted  attrition, 
the  usage  of  airsickness  medloatlon  over  an  extended  period  of  the  training  program,  end 
the  oocaslonal  graduation  of  alrslok  NFO  students  who  were  able  to  oompleto  bho  training 
program  but  uculd  not  perform  adequately  in  the  fleet,  Conoern  was  also  expressed  about 
the  need  for  laboratory  bests  to  niedionlly  screen  eirslokness  susoeptlbles  early  in  the 
training  program  to  reduce  the  oosta  uf'mld-  or  late-term  attrition. 

Similar  quastlona  were  raised  by  flight  surgeons  who  were  dealing  with  alralok 
flight  paruonnel.  They  were  Interested  In  more  speolflo  knowledge  of  the  profile  of 
airsickness  during  NFO  training  end  on  into  the  Meet;  the  basic  oeusas  of  alrsioknesa ; 
the  probability  of  eventual  sdapbablon  to  flight  given  by  a  particular  history  of  motion 
siokness;  the  use  of  medloatlon,  espeolslly  with  provooatlva  hops,  to  assist  In  the 
adjustment  poriod;  and  tha  probability  of  raourrenoe  of  motion  sloknena  with  new  fleet 
assignments.  Thsy  also  were  Interested  in  the  availability  of  prefllght  laboratory  teats 
that  might  Identify  Individuals  In  need  of  early  treatment  and/or  alternative  naval 
servloa,  and  In  special  ollnloal  tesbn  that  would  aid  In  a  oomprehenslva  avaluatlon  of 
speolflo  alrslok  oases.  In  addition,  this  activity  was  often  oontaotad  diraotly  by  fleet 
aircrew  suffering  repeated  airslokness  difficulties  who  raised  questions  similar  to  those 
of  the  flight  surgeons. 

Alrsioknesa  problems  have  long  existed  in  military  aviation  and  are  neither  now  nor 
unique  to  the  NFO  population.,  During  World  War  II,  Hemingway  (6)  ravlewed  numarous  field 
studies  oonduotad  by  the  mlli'tery  which  Indloated  a  high  Inoldenoe  of  alrsioknesa  during 
various  phases  of  flight  training  for  both  pilot  and  nonpllot  alroraw  groups.  In  this 
and  latar  reviews  (1,  16,  20)  It  was  shown  thst  though  the  pilot  and  nonpllot  groups  ware 
both  at  risk  relative  to  airslokness,  tha  latter  group  generally  suf fared  the  highest 
Inoldenae  rate.  Recognition  of  airslokness  as  a  oontinulng  blomedloal  problem  Is  also 
marked  by  afforts  that  have  been  taken  to  develop  desenaltlzatlon  prooedurcs  for 
susoeptlble  military  airoreu  (2,  3i  5,  IN,  16). 

Since  few  oparntlonal  data  were  available  on  airslokness  problem  during  NFO 
training,  a  first  step  In  addressing  some  of  the  above  stated  queablons  and  problems 
Involved  describing  tha  Inoldenoe  and  severity  of  airslokness  normally  experlanosd  by  tha 
NFO  population.  To  this  end,  a  longitudinal  study  of  airslokness  In  a  large  sample  NFO 
population  was  Initiated  to  follow  students  through  tha  bssio  (primary  level),  advanced 
(secondary  level),  and  fleet  readiness  squadrons  comprising  the  NFO  training  syllabus. 
The  primary  objeotlvas  of  the  study  were  to  define  the  relative  magnitude  of  the 
alrsioknesa  problam  during  aaoh  phase  of  training  on  an  Individual  squadron  baslsi  and  to 
identify  dl^Terenoea  In  motion  streiia  exposure  assoolsted  With  tha  different  pipelines 
that  can  affect  deolelons  on  the  Initial  aaleotlon  and  aaalgnment  of  flight  parsonnal. 
The  itudy  also  gained  e  saoondary  objeotivs  through  tha  oooparatlon  of  tha  training 
command  who  allowed  i  large  aagmsr.t  of  the  NFO  study  population  to  bs  axposed  on  a 
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one-time  nonlnterferenoe  basis  to  several  abort  laboratory  tests  of  motion  sickness 
reactivity  prior  to  beginning  flight  training.  The  objective  here  was  to  obtain  some 
insight  Into  the  avenues  that  might  be  followed  in  the  future  to  develop  and  validate 
tests  of  motion  reactivity  that  will  have  high  predlotlve  value  In  the  early 
Identifloatlon  of  airsick  susceptible  Individuals.  In  this  respect,  the  Inflight 
alrslokness  data  oolleoted  during  the  longitudinal  study  ware  intended  to  serve  the  dual 
function  of  defining  the  magnitude  of  the  NFO  airsickness  problem  and  establishing 
validation  orlterla  for  measurement  of  the  relative  effectiveness  of  candidate  motion 
reactivity  tests. 


PROCEDURE 

A  blook  diagram  of  the  HFO  training  pipelines  Included  In  the  study  is  shown  In 
Figure  1.  All  NFO  oendldstes  reoeive  their  basic  flight  training  In  Training  Squadron 
TEN  (VT10J  prior  to  being  selectively  assigned  to  one  of  four  advanced  pipelines  that 
lead  to  type-speoiflo  training  In  1>t  different  fleet  readiness  squadrons.  Advanced 
training  In  the  Mather  Air  Force  Base  (HAFB)  pipeline  leads  to  Flaet  Readiness  Squadron 
(FRS)  training  In  the  P-3  aircraft.  In  Training  Squadron  EIGHTY  SIX  (VTS6>,  students  who 
follow  the  Advanced  Jet  Navigation  (AJN)  plpallna  recaive  FRS  training  in 
attack/antlsubmarlna  aircraft  Including  the  A-6,  EA-S,  and  the  S-3;  while  those  who 
follow  the  Radar  Intercept  Offioer  (RIO)  pipeline  are  assigned  to  F-4  or  F-14  FRS  fighter 
squadrons,  Thosa  students  that  follow  the  Airborne  Tactical  Data  Systams  (ATDS)  pipeline 
receive  FRS  training  In  E-2  squadrons.  Upon  completion  of  FRS  training,  the  graduate  NFOs 
are  generally  assigned  to  an  operational  squadron  for  fleet  duty. 

The  study  was  initiated  In  VT10  where  the  incidence  and  saverlty  of  alrsloknass  that 
OQOurrad  on  aaoh  hop  by  each  participating  student  was  documented  by  maens  of  a 
questionnaire  (7)  with  separate  sections  for  the  student  and  Instructor  evaluations  of 
the  students  airsickness  raaotlonu  on  the  given  hop.  In  general,  each  hop  (a  formally 
defined  component  of  the  squadron  flight  syllabus  with  s  speuiflo  training  mission  or 
objective)  Involved  a  single  flight  of  the  student.  However,  there  were  rare  oooaslons 
when  a  student  flew  two  different  hops  on  a  single  flight.  On  the  atudent  component  of 
the  questionnaire,  the  atudents  were  asked  to  rete  their  alrslokness  symptoms  as  not 
present,  mild,  moderste,  or  severe  with  these  responses  scored  (weighted)  on  an  Integer 
scale  of  0  to  3,  respactlvaly .  A  second  question  asked  the  students  to  provids 
oorrsBpondlng  scaled  Judgments  for  the  amount  of  Inflight  performance  degradation  that 
thay  may  have  experienced  aa  a  result  of  alralokness.  A  third  queution  addressed  the 
number  of  times  vomiting  ooourred  on  a  given  hop  with  aero,  one,  two,  or  three  or  more 
vomiting  Incidents  being  scored  on  a  0  to  3  soale,  raspaotlvaly.  The  instruotor 
questionnaire  required  the  Instruotor  to  make  similar  Judgments  on  the  same  three  items. 

The  same  student/tnatruotor  quastlonnelra  used  to  evalusta  the  Inoidenua  and 
severity  of  airsickness  during  basic  training  In  VT10  was  also  used  In  the  VT86-A>IH  and 
VT86-RI0  advanoad  training  pipelines.  For  the  MAFB  pipeline  and  for  all  of  the 
Individual  fleet  reedineaa  squadrona,  a  modified  queationnalre  of  near  Idantioal  form  was 
utilised  to  oolleot  uorreapondlng  data  on  an  Individual  hop  baala  with  the  exoaption  that 
only  the  atudenta  rated  the  Incldsnoe  and  magnitude  of  their  alrsloknaas  experlcnoec. 
Throughout  the  course  of  the  study,  emphasis  was  plaoed  on  ensuring  the  participating 
students  that  their  questlonalre  responses  would  be  traatsd  In  oonfldsntlal  fashion. 

As  outlined  In  the  first  report  (7)  of  the  longitudinal  study,  the  questionnaire 
responses  were  than  computer-stored  on  an  Individual-  studant/lndlvldual-hop  basis  for 
each  squadron  Involved  in  the  study.  The  seme  oomputer  file  structure  was  also  usad  to 
store  the  results  of  several  lahoratory-oonduoted  motion  reactivity  basts  given  to  a 
lerga  segment  of  the  NFO  study  population  prior  to  thalr  beginning  flight  training  In 
VT10.  thase  data  included  reiults  from  a  motion  sickness  history  questionnaire  (19),  b 
Brief  Vestibular  Dlsorlantatlon  Tast  (15);  and  a  Visual/Vestlbular  Interaotlon  Test  (15). 

As  the  students  progressed  through  the  basic,  advanced,  and  FRS  phases  of  NFO 
training,  tha  computer-stored  questionnaire  data  wara  exbraobad  on  an  Individual  student 
basis  and  used  bo  calouiate  unweighted  end  weighted  indices  that  could  be  used  to  gauge 
individual  susoeptlblllty  bo  alralckness  during  aaoh  phase  of  training.  The  function  of 
these  Indices  was  to  allow  oomparlsons  to  ba  made  among  dlfftrtnb  squadrona  and  among 
different  braining  pipelines.  In  addition,  they  served  the  further  funotion  of  relating 
an  individual's  alrsloknass  during  basic  training  with  subsequent  airsickness  In  advanced 
and  fleet  readiness  squadrons.  For  each  student  unweighted  flight  Indices  ware  calculated 
for  the  airsickness,  vomiting,  and  performance  degradation  alemanbs  of  the  quusblunnalre 
as  follows; 


Number  of  Hops  Response  Experienced 

UNWEIGHTED  FLIGHT  INDEX  .  — - - —  X  100 

Total  Number  of  Hops  Flown 

where  no  weight  was  given  bo  the  severity  of  the  response;  l.e.,  attention  was  given  only 
to  the  fact  that  a  response  suoh  as  alrsloknass  ooourred  on  a  flight  without  regard  to 
Its  aeverlty.  Accordingly,  the  unweighted  Indices  simply  represent  the  percentage  of  the 
total  hops  flown  in  a  given  squadron  where  the  denoted  response  such  as  alralokntss  or 
vomiting  ocourrad. 
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NAVAL  FLIGHT  OFFICER  TRAINING  PIPELINES 


FIGURE  I 

Block  dlisrtn  showing  ths  Major  trsinlng  pipsltnus  lollowsd  by  Nsvsl  Flight 
Officer  (NFO)  students  ss  thoy  progress  through  the  NFO  flight  progran. 
All  students  reoeive  baslo  (priasry  level)  flight  training  in  Training 
Squadron  TEN  (VT10)  and  then  are  assigned  to  one  of  four  advanoed 
(secondary  level)  squadrons  prior  to  reoeiving  typa-speoirio  training  in 
one  of  fourteen  Fleet  Readiness  Squadrons  (FRS).  Ths  HAFB  pipeline  leads 
to  FR3  training  in  the  P-3  aircraft;  the  VTd6-AJN  attack  pipeline  to  A>6, 
EA-6,  and  8-3  FRS  training;  the  VTa6-R10  fighter  pipeline  to  F-4  and  F-14 
FRS  braining;  and  the  ATD3  pipeline  to  E-2  FRS  training. 
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The  weighted  indices  were  derived  similarly  with  the  exception  that  the  0  through  3 
Integer  values  used  to  scale  the  magnitude  of  a  given  questionnaire  item  on  a  given  hop 
was  incorporated  into  the  calculations.  For  example,  if  a  student  reported  that  on  a 
given  hop  he  was  not  airsick,  he  would  be  assigned  a  response  rating  of  0;  if  he  reported 
experienoing  mild,  moderate,  or  severe  airslokness,  he  would  receive  a  response  rating  of 
1,  2,  or  3)  respeotively,  for  that  particular  hop.  The  response  ratings  reoelved  on  eaoh 
hop  flown  in  a  given  squadron  were  then  summed  and  used  to  calculate  a  weighted  index 
that  was  normalized  to  have  a  maximum  value  of  100  as  follows: 

Sum  (Individual  Flight  Raaponse  Rating)  X  100 

WEIGHTED  FLIGHT  INDEX  - - — . — 

Total  Humber  of  Hops  Flown  3 

To  illustrate,  a  student  who  reported  being  mildly  airsiok  on  half  of  his  hops  and  not 
airsick  on  the  remainder  would  have  an  unweighted  airslokness  Index  of  SO.O  and  a 
weighted  index  of  16.7,  while  a  student  who  was  severely  airsiok  on  half  of  his  hops  and 
not  airsiok  on  the  remainder  would  also  have  an  unwelghtad  index  of  50.0  but  his  weighted 
index  would  rise  to  50,0.  The  instructor  questionnaire  data  were  also  used  to  separately 
calculate  instructor-based  unweighted  and  weighted  flight  indloes  for  eaoh  individual 
student. 


RESULTS  AND  DISCUSSION 

Over  the  course  of  the  longitudinal  study,  airsickness  data  were  oolleoted  on  a 
total  of  28,383  hops  flown  by  796  students  os  they  progressed  through  the  NFO  training 
program.  A  summary  of  the  inoidence  of  alrsiokneas,  vomiting,  and  inflight  performanoe 
degradation  due  to  airslokness  as  reportad  by  the  partloipatlng  students  is  presented  in 
Table  1  for  eaoh  phase  of  training.  In  this  tabls,  inoldenos  is  expressad  as  ths 
pereantsge  of  the  total  hops  flown  in  a  given  phese  where  the  denoted  alrsiokness-relsted 
response  was  reported  to  have  ooourrad  without  rafarenoe  to  the  response  magnitude,  For 
the  advanced  and  FRS  phases,  separate  breakdowns  are  given  for  the  principal  training 
pipelines  as  well  as  a  subtotal  that  oomblnee  the  pipeline  data. 

TABLE  I 

Summary  listing  of  the  psroent  tnoldsnoe  of  sirsioknsss,  vomiting,  and 
performance  degradation  due  to  airslokness  reported  by  the  NFO 
population  during  the  basio,  advanoed  and  FRS  phases  of  flight  training 
for  different  pipelines.  Inoidenoe  is  expressed  as  the  peroentege  of 
the  total  hops  flown  In  s  given  phase  of  training  where  the  denoted 
airslokness  event  ooourrad. 


I’tiiiee  of 
Ttainlng 

Numbar  of 
ticudantt 

Total  Hops 
Flown 

Atralcknaaa 

Paroant-hopa 

Vomiting 

Parcent-hopB 

Part . Dagrad . 
Parcant-hopa 

Raelc  Training 

VTIO 

796 

10,759 

19.4 

9.2 

12.7 

Advancad  Training 

VT86-AJN  (Attack) 

226 

3,385 

10.7 

4.1 

4.3 

VT86-RIO  (Fighter) 

185 

4,120 

16.9 

7.5 

5.6 

MAFB  (r-3) 

1  32 

1,794 

2.6 

0.2 

0.5 

Subtotel 

343 

9,299 

11.9 

4.9 

4.2 

FRS  TralnlnK 

Attack 

120 

3,269 

9.2 

3.9 

4.1 

Fighter 

89 

3,Ci61 

4.7 

2.1 

2.2 

P-3 

128 

900 

15.8 

4.7 

8.3 

li-2 

35 

495 

4.0 

0.6 

3.0 

Subtotal 

372 

8,325 

7.6 

3.0 

3.6 

Total  -  All  Phaaaa 

796 

28,383 

13.5 

5.9 

7.3 

As  shown  In  Table  I,  ths  highest  Inoldenos  of  airsickness  problems  ooourred  during 
basic  training  in  VT10  as  would  be  expected.  Of  a  total  of  10,759  hops  flown, 
airsickness,  vomiting,  and  perforitsnce  degradation  occurred  on  19.4,  9.2,  and  12.7 
percent,  respeotively,  of  the  flights.  During  advanced  training,  corresponding  figures 
for  all  pipelines  oombined  declined  to  11.9,  4.9,  and  4.2  percent,  respeotively.  For  the 
final  FR8  phase  of  training,  s  further  daollne  to  7.6,  3.0,  and  3.6  peroent, 
respectively,  was  noted.  These  raw  data  show  a  general  decline  In  airslokness 
diffloultles  as  training  progresses  with  the  Inoidenoe  during  the  FRS  phase  being  roughly 
one-third  the  Inoidenoe  during  basic  training  which  should  be  expected  as  the  result  of 
some  tidsptetlon  to  flight  stress.  The  totalized  data  shown  at  the  bottom  in  Table  1 
indicates  that  13.5  peroent  of  the  28,383  hops  flown  by  796  NFO  students  Involved 
alrslukitess.  This  is  similar  to  ths  Incidence  data  reported  by  McDonough  (17)  where  15.6 
peroent  of  4,534  flights  flown  by  navigation  students  involved  slrsloknese. 

Although  the  subtotel  data  presented  in  Table  1  for  tho  advanced  and  FRS  phases 
shows  this  gradual  deollna  in  Inoidenoe  as  training  progresses,  considerable  variations 
occur  when  the  pipelines  are  treated  Independently.  For  example,  during  advanced 


training  In  the  attack  pipeline,  alraiokness  inoidenoe  (10.7  percent)  was  approximately 
half  the  19. H  percent  basic  training  inoidenoe  while  the  fighter  pipeline  inoidenoe 
(16.9)  percent  showed  a  much  slighter  decline.  However,  when  the  FRS  phase  of  training 
was  encountered,  the  attack  pipeline  inoidenoe  (9.2  percent)  remained  near  its  advanced 
phase  level  while  the  fighter  pipeline  inoidenoe  (4.7  percent)  fell  to  below  one-third 
its  advanced  level.  The  most  signifioant - difference  occurred  In  the  P-3  pipeline  where 
airsickness  inoidenoe  foil  to  2.6  percent  during  advanced  training  bub  rose  to  15.8 
percent  during  FRS  training. 

To  further  define  these  pipeline  differences,  a  Kruskal-Wellis  one-way  analysis  of 
variance  by  ranks  best  was  utilized  to  compare  the  performance  of  the  NFO  students  across 
the  four  different  pipelines.  The  results  of  this  test  are  summarized  in  Table  11  where 
the  rows  with  the  BAS-prefix  represent  the  unweighted  airsickness,  vomiting,  and 
performance  degradation  flight  indices  received  during  basic  training  in  VT10  for  each 
pipeline;  the  rows  with  the  ADV-prefix  represent  the  corresponding  flight  indices 
received  during  advanoed  training;  and  the  rows  with  the  FRS-preflx  the  same  for  fleet 
readiness  squadron  training.  The  rows  with  the  HEAH-preflx  represent  the  simple  mean  of 
the  flight  indices  received  by  an  individual  during  the  basic,  advanoed,  and  FRS  phases. 
For  each  of  the  pipelines,  the  mean,  standard  deviation  of  the  observations,  and  number 
of  students  included  in  the  analysis  are  separately  tabulated  for  each  flight  index 
variable. 


TABLE  II 


Results  of  a  nonparametrio  Kruskal-Vallis  one-way  analysis  of  variance 
ccmparlaon  of  the  unweighted  alrslokness  flight  Indices  received  by  the 
students  In  the  four  major  training  pipelines.  See  text  for  details. 


Flight  Index 
variable 
(Unwolghcad) 

vTae-AJN 

H  Attack  Flpellna 
Stat.  Mean  S.D.  N 

VT86-RIO 
Vightax  Plpallna 
Mean  S.D.  M 

P-3 

Naan 

MAFB 
Plpallna 
S.D.  H 

E-2 

Mtan 

ATDS 

Plpalini 

S.D. 

11 

UAS-Alralck 

29.2* 

17.0 

15.3 

115 

12.5 

14.0 

84 

27.3 

23.4 

120 

20.7 

16.4 

34 

HAS-Vumlt 

9 . 2 

8.5 

13.4 

115 

5.1 

9.5 

84 

11.7 

15.9 

120 

10.6 

13.5 

34 

BAS-FerC .Uagr. 

19.2* 

9.9 

10.7 

115 

6.9 

9.5 

84 

17.2 

19.3 

120 

16.3 

18.3 

34 

ADV-Alralck 

6A.  1* 

18.0 

11.8 

112 

13.3 

18.4 

84 

2.6 

5,5 

108 

.. 

•  • 

ADV-Vomit 

43.7* 

4.0 

7.6 

112 

6.2 

12.6 

84 

0.2 

1 . 1 

108 

»■> 

-- 

ADV-Fer{ .Degv. 

34.1* 

3.4 

6.1 

112 

3.8 

6.2 

84 

0.5 

1.8 

108 

-- 

-- 

-- 

FH8-Alrulsk 

27. S* 

12.4 

19.7 

115 

7.2 

17.2 

84 

16.4 

19.2 

124 

4.6 

10.0 

34 

FRS-Vomit 

13.8 

6.0 

15.1 

115 

3.2 

10,0 

84 

4,6 

11.8 

124 

0.7 

2.3 

34 

FRS'-FerC.Dagr. 

13.7 

4.8 

11.1 

115 

3.4 

12.2 

84 

9.0 

16.0 

124 

3.7 

17.2 

34 

MEAM-Alraiuk 

8.3 

13.1 

11.6 

115 

11.7 

13,5 

84 

16.1 

13.3 

124 

12.7 

11.9 

34 

MEAN-Vonlt 

2.3 

6.2 

9.4 

115 

4.8 

8.6 

84 

5.6 

8.2 

124 

5.7 

7.2 

34 

HBAN-Farf .Degr. 

13.9<f 

6.1 

6.9 

115 

4.7 

7.4 

84 

9.2 

10.6 

124 

10.0 

16.1 

34 

H  ■  Significant  beyond  the  .01  level;  *  -  Significant  beyond  the  .001  level. 


The  Kruskal-Uallls  H-statlstio  corrected  for  tied  scores  is  shown  in  the  data  column  at 
the  loft  in  Table  IT  where  the  assumption  is  mads  that  H  is  distributed  like  obi  squared 
with  three  degrees  of  freedom  for  all  flight  Indlo'es  exoapt  thosa  assooiatad  with 
advanoad  training.  For  these  indices,  only  two  degrees  ol  freedom  are  involved  since  the 
ATDS  pipeline  reoelved  only  aoademio-related  braining  in  the  advanoad  phase.  As  shown  by 
the  slgnifloanoe  symbols  located  adjacent  to  the  H-statistlo,  the  unweighted  and  weighted 
alrsioknoss  Indices  showed  dissimilarities  In  the  pipeline  populations  that  ware 
signifloant  to  the  .001  level  or  better  for  all  three  phases  of  training.  For  the 
vomiting  indloes,  differenoes  ooourrad  in  only  the  advanoad  phase.  In  the  oaae  of  the 
performanoa  degradation  Indiaas,  dlfferenaes  ooourrad  during  both  basio  and  advanoed 
braining  and  ware  alao  refleobed  in  the  mean  indloes. 

Prior  to  further  disouasion  of  these  pipeline  dlfferenoas,  reference  will  again  be 
made  to  Figure  1  to  describe  soma  fundamental  dlffarenoee  in  the  flight  syllabi  and 
student  flow  assooiatad  with  the  four  different  advanoed  training  plpellnea.  As 
sohamatised  by  tha  two  b’iooka  drawn  within  the  VT10  block  at  the  top  in  Figure  1 ,  the 
flight  syllabus  in  this  squadron  was  subdivided  into  two  sequential  phases.  All  NFO 
students,  with  the  exception  of  those  to  be  assigned  to  the  MAFB  advanoed  training 
pipeline,  flew  both  phases  of  tha  flight  syllabus.  For  those  students  following  the  HAFB 
pipeline,  only  the  first  phase  was  flown  prior  to  ass.'.gnmant  to  advanoad  training.  At 
the  time  the  longitudinal  study  waa  initiated,  tha  VT10  syllabus  oonslited  of  five  hops 
in  the  first  phaaa  and  13  hops  in  tha  second  phase.  Midway  in  the  study,  the  flight 
syllabus  was  nodifisd  to  provide  eight  hops  in  the  first  phase  and  13  hops  in  the  second 
phase.  Similar  changes  oocurred  in  tha  VT66-AJN  and  VT86-RIO  flight  syllabi  at  about  the 
aaaa  time  while  no  ohangsa  ooourrad  in  the  17  hop  MAFB  flight  syllabus.  In  subsequent 
dlaoussion,  the  original  and  modified  flight  syllabi  for  these  squadrons  will  be  referred 
to  as  tha  *old"  and  "new"  flight  syllabi,  respeotivaly . 

The  inoidenoe  of  eirslakneas  in  VT10,  VT86-AJN,  end  VT66-RIO  on  an  Individual  hop 
basis  la  displayed  in  Figure  2.  The  top  three  grapiis  (A,  C,  and  S)  pertain  to  the  old 
flight  eyllibi  esaQaiatad  with  these  squadrons  and  tha  bottom  three  (B,  D,  and  F)  to  the 
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flew  the  old  flight  syllabi  and  the  botton  three  (B,  D,  and  F)  to  those  who  flew  the  new  flight  syllabi.  In  each  ) 
two  bars  are  shown  above  each  hop  identifier.  The  left  (.dotted)  bar  represents  the  percentage  of  the  bops  flown 
the  students  reported  experiencing  airsickness  and  the  right  (clear)  bar  represents  the  percentage  of  the  same  num' 
hops  where  the  instructors  reported  that  the  students  experienced  airsickness.  The  left-to-rlght  sequence  of  hops 
in  each  graph  corresponds  in  general  to  the  aequence  that  the  bops  were  actuallly  flown  by  the  HFO  students. 
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new  flight  syllAbi  associated  with  the  same  three  squadrons,  For  each  graph,  liicldenoe 
Is  expressed  as  the  percentage  of  the  total  hops  flown  of  a  given  classifloatlon  where 
airsickness  (mild,  moderate,  or  severe  degree)  was  reported  to  have  oaourred.  The  dotted 
Interior  bars  represent  the  incidence  as  derived  from  the  student  Judgments  and  the 
adjoining  clear  bars  the  Incidence  as  derived  from  the  Instructor  judgments.  The 
left-to-right  sequence  of  hops  Identified  at  the  bottom  in  each  graph  corresponds  in 
general  to  the  sequence  the  students  flew  the  hops. 

Examination  of  Figure  2A  shows  that  during  the  first  phase  of  VT10  training, 
composed  of  hops  FM1  through  FMb,  two  of  the  five  hops  involved  relatively  high  motion 
stress  with  nearly  60  percent  of  the  students  reporting  airsickness  on  FH1  and  over  35 
percent  on  FM6,  Figure  211  shows  that  four  of  the  eight  hops  (B1  through  BS)  oompriaing 
the  first  phase  of  the  new  VTIO  flight  syllabus  Involved  a  relatively  high  degree  of 
airsickness.  For  the  second  phase  under  both  the  old  and  new  flight  syllabi,  a  smaller 
proportion  of  the  total  hops  flown  produced  corresponding  motion  stress.  Since  the 
students  following  the  HAFB  or  P-3,  pipeline  flew  only  the  first  phase  of  VT10,  it  would 
he  expected  that  their  VT10  airsickness  Indioea  would  be  higher  than  those  students  who 
flew  both  phases  of  the  VT10  syllabus.  This  difference  Is  the  primary  reason  for  the 
p.ipeline  dlfferenoes  noted  in  the  beslo  training  rows  of  Table  II. 

In  the  case  of  the  airsickness  measures  associated  with  advanced  training,  the  data 
of  Table  II  are  distinguished  again  by  the  HAFB  pipeline  which  had  the  least  diffiaulticis 
with  alrsiokness.  This  would  be  expeoted  since  the  HAFB  flight  syllabus  Involved 
training  in  the  largo,  relatively  stable  P-i(3A  with  most  hops  Involving  straight  and 
level  flight.  .  However,  when  the  HAFB  students  reached  the  FRS  phase  of  their  training 
which  involved  long  duration  missions  In  the  P-3  alraraft,  airsickness  rose  considerably 
as  reflected  by  the  raw  incldenoe  data  of  Table  I  and  the  FRS  flight  index  data  of  Table 
II.  In  effeut,  the  HAFB  group  files  relatively  few  hops  during  basic  training  and 
reoelves  only  a  mild  exposure  to  motion  stress  during  advanced  training.  A  measure  of 
alrsiokness  susoeptibility  will  thus  not  arrive  until  the  FRS  phase  of  training  is 
reached.  Since  only  a  relatively  few  hops  are  flown  In  the  P-3  FHS  squadrons  compared  to 
the  fighter  and  attack  pipelines,  there  is  a  hazard  that  airsick  susoeptibles  in  the  HAFB 
pipeline  may  not  be  identified  until  they  receive  their  initial  fleet  ssslgnments. 
Aouordingly,  when  validated  laboratory-based  tests  of  airsickness  susoeptibij  lt‘>  are 
finally  developed,  high  priority  must  be  given  to  bhsir  early .  application  to  1 '  I'AFB 
pipeline. 

Examination  of  Figure  2  relative  to  the  Inoldenoe  of  airsloknesu  as  a  function  of 
progress  through  the  flight  syllabus  aasoolated  with  a  given  squadron  shows  a  general 
trend  for  a  relatively  high  inoidenoe  rate  for  the  first  feu  hops  of  the  syllabus. 
However,  there  is  no  pronounoed  trend  for  alrsiokness  Inoidence  to  gradually  deorease  as 
training  progresses  within  a  squadron.  Instead,  as  shown  for  all  squadron  data  presented 
in  Figure  2,  al.-'siaknnas  incidence  actually  rose  to  a  quite  high  level  for  certain  hops 
flown  toward  the  end  of  the  syllabus.  The  high  inoidenoe  rite  for  these  hops  is 
aooountid  for  by  their  related  flight  missions  vinich  usually  involved  aerobatics  or 
advanaed  taotioal  maneuvering.  In  effect ,  oonoluslons  oonoerning  alrsiokness  adaptation 
of  the  HFO  papulation  as  a  funotion  of  flight  exposure  must  be  carefully  weighed  in 
raiatlon  to  the  motion  stress  level  uf  eaoh  hop  flown  within  a  given  flight  syllabus. 

Referring  onoa  again  to  Table  1,  these  inoidenoe  data  provide  background  data  on  the 
overall  inoldiance  of  alrsiokness  during  tha  different  phases  of  NFO  training.  However, 
no  jnformntlon  is  provided  by  these  data  relative  to  the  wide  variations  always  present 
In  Inalvidual  susoeptibility  to  airsickness  nor  to  the  relative  oontributlon  of  different 
students  to  the  overall  magnitude  of  the  airsickness  problem.  To  provide  some  insight 
into  this  problem,  the  questionnaire  data  were  analyzed  to  determine  the  number  of 
stude.itc  who  experienoed  repeated  airsioknes.s  during  the  course  r-r  their  training  in 
selected  squadrons.  To  emphasize  the  multiple  contributions  of  a  small  number  of 
students  to  the  overall  airsickness  problem,  the  airsickness  data  dcrivod  from  both  the 
student  and  Instruotor  questionnaires  ha''e  been  plotteu  in  ouuiulative  frequency 
distribution  form  in  Figure  3  for  VT10,  VT86-AdH,  and  VT86-RIO.  In  this  figure,  the 
deviation  between  the  student  and  instruotor  distributions  refleots  the  tendency  for  the 
Instruobors  to  unJsi'ostimate  the  inoidenoe  of  alrsiokness  using  the  student  Judgments  as 
reference.  This  point  is  also  demonstratud  on  an  Individual  hop  basis  by  the  Figure  2 
data.  The  percentage  0.'  the  total  number  of  students  who  were  considered  to  have  never 
experienced  airsickness  is  represented  In  eaoh  Figure  3  graph  by  the  Inberseotlon  0? 
the  distribution  curve  with  the  ordinate  axis.  These  distribution  data  graphioally 
Illustrate  the  point  that  a  small  number  of  airslok  susoeptlble  students  make  a  most 
signiricant  contribution  bo  the  hop  Inoidenoe  data  of  Table  1. 

Further  insight  into  the  overall  Inoidenoe  of  alrsiokness  and  the  multiple 
oontr ibubions  of  certain  students  Is  provided  by  the  data  listed  in  Table  111.  In  this 
tahia,  data  columns  1  and  2  represent  the  number  of  students  inoluUed  in  the  study 
population  and  the  total  number  of  hops  they  flew,  rsapaotlvely ,  with  separate  listings 
for  VT1C,  VT86-AJN,  and  VT86-R10  for  both  the  old  and  new  flight  syllabi.  Data  columns 
3-5  describe  the  percentage  of  the  total  hops  flown  in  a  given  squadion  where 
alrsiokness,  vomiting  or  performance  degradation  was  involved.  (These  data  are  of  the 
same  form  as  those  presented  in  Table  I.)  Data  columns  6-8  list  the  peroentage  of  the 
students  who  reported  oxperlenoing  airsickness,  vomiting,  or  performance  degradation  on 
one  or  mere  hops.  Data  columns  9-11  list  the  peroentage  of  the  total  number  of  students 
who  we'e  responsible  for  fifty  (50)  per  oent  of  the  hops  flown  where  alrsiokness, 
vomiting,  or  performance  degrada‘'lon  was  reported,  l.e.,  those  students  who  suffered 
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repeated  airslokness  experlenaea  and  fell  Into  the  upper  portions  of  the  Figure  3 
distributions. 

TABLE  III 

Incidenoe  of  airsioknass  during  basic  training  in  VT10  and  advanced 
training  in  VT86  for  the  attack  (AJN)  and  fighter  (RIO)  pipelines. 

Columns  1  and  2  represent  tha  number  of  students  studied  in  the 
squadron  and  the  number  of  hops  they  flew.  Columns  3,  4,  and  g 
represent  the  percentage  of  tha  hops  flown  where  airslokness,  vomiting) 
and  Inflight  performance  degradation  ooourred;  columns  6|  7i  and  8  show 
tha  peroentage  of  the  squadron  students  who  reported  experiencing  the 
denoted  response  one  or  more  tides;  and  columns  9i  10,  11  show  the 
percentage  of  the  students  that  aooounted  for  fifty  percent  of  the 
total  hops  flown  where  tha  denoted  responsos  ooourred. 


Farcant  of  Total  Percent  of  Students  Percent  of  Studanta 
Total  Total  Hope  Flown  Where  Experiencing  Reaponaa  Causing  SOX  of 
Squadron  No.  Hops  Raaponse  Occurred  One  or  Hora  Tinas  Hop  Reaponaca 

Stud.  Flown 


(1) 

(2) 

Air 

Sick 

(3) 

Vomit 

(4) 

Farf . 
Degr. 
(5) 

Air 

SlcU 

(6) 

Vomit 

(7> 

P*rf . 
Degr . 
(8) 

Air 

Rick 

(9) 

Vomit 

(10) 

Perf. 

Dagr. 

(11) 

VTIO  # 

408 

5,394 

16 

7 

a 

74 

39 

59 

19 

10 

14 

VTIO  * 

388 

5,365 

23 

a 

15 

81 

53 

67 

24 

14 

18 

VT86-AJN 

134 

1,833 

9 

4 

3 

55 

28 

31 

13 

8 

8 

VTB6-AJN 

* 

S2 

1,552 

13 

5 

5 

71 

36 

41 

12 

9 

a 

VII16-RIO 

79 

2,048 

16 

6 

4 

S3 

47 

48 

19 

8 

12 

VT86-KIO 

* 

10£ 

2,072 

IS 

9 

7 

72 

46 

43 

15 

10 

9 

H  •  Uld  Flight  Syllabus  *  •  New  Flight  Syllabus 

From  data  columns  6-8,  it  can  be  seen  that  for  the  denoted  basto  and  advanced 
training  squadrons,  the  number  of  NFO  students  exparianolng  airsickness  one  or  more  times 
ranged  from  55  to  83  percent  of  tha  total  squadron  population  which  again  is  oonparable 
to  that  reported  by  McDonough  (17)  who  found  that  65.7  percent  of  a  navigation  student 
population  experienoed  airslokness  one  or  more  times  during  training.  Corresponding 
ranges  were  28  to  53  percent  for  the  vomit  measure  and  31  to  67  percent  for  the 
performance  degradation  maasure.  However,  the  inoldenoe  of  airslokness  shown  in  data 
oolumns  3-5  is  nut  at  all  tvenly  distributed  over  the  population  represented  in  data 
ooluuns  6-8.  This  Is  pointedly  illustrated  by  data  columns  9-11  which  show  that  a 
relatively  small  proportion  of  studanta  contributed  most  significantly  to  the  overall 
incldonoo  data.  For  example,  column  9  indicates  that  half  of  the  hops  flown  in  the  old 
VT10  flight  syllabus  where  airsioknass  was  reported  to  have  occurred  was  caused  by  unly 
19  percent  of  the  students.  This  figure  ranged  from  12  to  24  percent  across  tha  denoted 
squadrons.  The  oontrlbution  of  students  who  suffered  repeated  exparianoes  of  airsickness 
was  even  more  marked  for  the  vomit  maasure  where  the  percentage  of  the  students 
aooounting  for  half  of  the  flights  where  vomiting  ooourred  ranged  from  8  to  14  percent  of 
the  total  population.  Corresponding  ranges  were  8  to  16  percent  for  the  performance 
degradation  measure.  In  effect,  if  the  overall  magnitude  of  tha  airsioknass  problem 
during  NFO  training  is  to  be  significantly  raduoed,  then  attention  must  be  given  to 
developing  selection  tests  that  have  the  potential  to  identify  this  most  ■usoa^.tible 
component  of  the  NFO  population  prior  to  the  time  they  begin  flight  training. 

In  the  previous  reports  (7-13)  detailing  the  results  of  the  longitudinal  study, 
correlation  matrloes  were  developed  using  a  Spearman  rank  uorrelatlon  analysis  based  upon 
oorreoted  tiod  soores  bo  explore  the  many  relationships  thst  existed  among  and  between 
the  flight  airslokness  indices  and  the  laboratory  motion  reactivity  test  scores.  One 
point  of  oonoern  addressed  In  tha  report  (13)  dealing  with  tha  students  who  suootssfully 
completed  the  entire  NFO  training  program  involved  the  relationship  betwean  the 
airslokness  experienoed  by  a  given  individual  during  basic  training  with  the  airslokness 
ho  exptrlenoed  during  later  phases  of  training.  To  this  end,  a  Spenrman  rank  correlation 
analysis  was  performed  bo  determine  the  relationship  between  the  unweighted  elrstoknass 
indloes  received  in  basio  training  with  the  same  ladlnes  received  during  advanced  and  FR3 
training  for  eaoh  of  the  major  pipelines.  The  results  of  this  enalysls,  presented  in 
Table  IV,  show  that  the  strongest  relationship  axisted  for  the  VT86-AJN  and  VT86-RIO 
pipelines  where  the  correlation  ooeffiolenta  were  in  tha  range  of  .51  to  .61  and 
slgnifioant  to  the  .001  level  or  better.  For  these  pipelines,  it  is  probable  that  the 
airsioknass  experienoes  of  a  given  student  during  basio  training  will  oarry  over  into  the 
advanced  and  FRS  phases.  In  the  case  of  the  HAFB  or  P-3  pipeline,  a  significant 
ralablonship  between  basic  and  advanced  training  was  not  raalixad.  Again,  this  is 
accounted  for  by  the  low  motion  stress  associated  with  advanced  flight  training  in  the 
P-43A  aircraft  at  HAFB.  However,  a  slgnifioant  correlation  was  achieved  for  the  FRS 
phase  of  this  pipeline. 
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As  desorlbed  In  the  Procedure  section)  a  large  sample  of  the  NFO  population  was 
given  several  laboratory  teats  of  motion  reactivity  prior  to  beginning  flight  training. 
In  the  report  (13'  dealing  with  airsickness  problems  during  t'RS  training,  a  tabulation 
was  presented  (Ref  13,  Table  VIII)  of  the  Spearman  rank  oorrelatlon  coefficients  between 
certain  of  these  tests  and  the  unweighted  airsickness  Indices  received  during  each  phase 
of  training  for  each  of  the  pipelines.  Table  V  shows  the  results  of  this  analysis  for 
all  pipelines  combined  where  separate  listings  are  provided  for  three  sets  of  tests.  The 
first  set  Involved  a  two-part  notion  slokness  history  questionnaire  describing  motion 
sickness  Inoldenoe  and  exposure  where  the  first  part  (variable  1)  pertained  to 
experiences  prior  to  age  12  and  the  second  part  (varlabla  2)  to  experiences  following  age 
12.  The  sum  of  these  two  scores  is  separately  listed  (variable  3)  In  Table  V.  The 
second  set  of  tests  pertain  to  tha  Brief  Vestibular  Disorientation  Test  (BVDT)  whloh  Is 

TABLE  IV 

Spearman  rank  correlation  ooefflolents  expressing  the  relationship 
between  airsickness  experienced  during  basic  training  with  alrsioknass 
experienced  during  the  following  advanced  and  KRS  phasee  for  different 
pipelines . 


Basic 

Plpallna 

Training 

Plight  Index 

Advanced  Training 
ADV-Altslck 

VRS  Training 
FRS-Alralck 

VTBb-AJN 

BAS-Alrslck 

.58* 

.51* 

VT86-R10 

UAS-Alrdck 

.61* 

.53* 

HAPB 

BAS-Aiislck 

.  n 

.38* 

Cumblnad 

BAS-Airslok 

.24* 

,48* 

*  .  sig  nlflcant  beyond  tha  .001  level. 

TABLE  V 

Spearman  rank  oorrelatlon  ooefflolents  expressing  the  relationship 
between  selected  laboratory  motion  reactivity  test  scores  and 
unweighted  alrslokness  Indices  received  during  different  phases  of 
training. 


Laboratory 

T«at  variables 

No.  Test  Nama 

Alralckneis 

Baalo 

Training 

Indices  (Unwa 
Advanced 
Training 

lghtad)-All  Flpelints 

PRS 

Training 

Ccmblned 

Mean 

Indax 

1 

MS  HlitoryiPart  1 

.41* 

.19# 

.26* 

.40# 

2 

MS  lliscoty  iPart  2 

.47* 

,20* 

.36* 

.48* 

3 

MS  UlitoryiSuu 

.48* 

.23* 

.36* 

.50* 

4 

BVDTiRatar  Scora 

.37* 

.  16 

.25* 

.  38* 

5 

BVDTiSelf-rating 

Score 

.37* 

.20* 

.32* 

.41* 

6 

BVDT:l’o*t-ratlng 

Scare 

.  28* 

.14 

,25* 

.31* 

7 

BVDTtSum  Scoied 

.4  2* 

.  26* 

.33* 

.46* 

6 

WIT t Rater  Score 

.2211 

.12 

.  14 

.23# 

9 

VVITi Self-rating 

8cor« 

.23f 

.23# 

.28# 

.30* 

10 

WIT  t  Fos  t-rst  lag 

Score 

.22 

.05 

.21 

.24 

11 

VVITiSun  Scora 

.27# 

.  IS 

.21 

.29* 

II  »  significant  beyond  the  .01  level)  *  ■  Significant  beyond  the  .001  level. 


based  upon  oross-ooupled  angular  acceleration  stimuli  produoed  by  paced  head  motions  on  a 
rotating  ohalr.  The  BVDT-Rater  soore  (variable  4)  Involves  the  motion  reaotlvity  signs 
Judged  to  be  present  by  observers  following  the  test;  tha  BVDT  Self-rating  (variable  5) 
and  Post-rating  (varlabla  6)  soores  Involve  the  rating  of  almllar  symptoms  by  the  subject 
Immediately  following  and  24  hours  after  oompletlng  the  test.  The  sum  of  these  three 
BVDT  soores  la  represented  by  variable  7.  The  Vlauul/Vestlbular  Interaotion  Teat  (WIT) 
Is  based  upon  the  visual  aoan,  acquisition ,  and  Identlfloatlon  of  a  matrix  type  numerical 
display  while  undergoing  alnuaoldal  rotation.  The  symptoms  were  rated  In  a  fashion 
similar  to  those  of  the  BVDT  with  the  releted  test  .loores  listed  as  variables  3-11  in 
Table  V. 

All  three  of  the  motion  sickness  history  soores  showed  significant  oorrelitlons  with 
the  alrslokness  Indices  reoslved  during  eeoh  phase  of  training.  However,  the  strongest 
relationship  existed  during  the  basic  phase  with  the  sum  soore  (variable  3)  displaying 
tha  strongast  relationship,  in  the  oase  of  the  four  components  of  the  BVDT,  sig  nifloant 
oorrelatlons  existed  with  all  alrslokness  Indices  exoept  thoss  rsoslvsd  during  advsnoed 
training.  Again,  the  sum  BVDT  soore  (variable  7)  showed  tha  strongest  relationship.  The 
WIT  test  soores  showed  a  weaker  relationship  to  the  alrsioknens  Indices  oompsred  to  ths 


oth^r  two  teata.  However,  the  self-rating  score  (variable  9)  was  significantly 
correlated  with  all  four  Indioas.  Though  most  of  these  test  variables  have  statistically 
significant  correlations  to  the  listed  airsickness  indioes,  the  correlated  coeffloients 
are  not  at  all  adequate  for  prediction  applications.  (An  important  point  In  evaluating 
the  relative  magnitude  of  the  correlation  coefficients  presented  in  Table  V  Is  that  the 
data  are  based  upon  only  those  NFO  students  who  successfully  completed  the  entire  NFO 
training  program.  The  analysis  does  not  Include  those  students  who  attrited  from  the 
program  or  those  who  decided  to  not  continue  their  voluntary  participation  In  the 
longitudinal  study).  That  is,  until  an  Individual  test  or  test  battery  is  developed  with 
much  higher  correlation  coefficients,  too  many  students  will  be  rejected  who  could  have 
suooessfully  completed  the  program  or  vice  versa. 

A  last  point  involves  the  need  for  Inflight  validation  data  to  establish  the 
relative  strength  of  eaoh  candidate  test  undergoing  development.  Just  as  the  Individual 
motion  reactivity  tests  muat  be  designed  to  eliminate  any  bias  that  may  bt  introduced  by 
the  student,  so  must  the  method  used  to  document  the  actual  Inoldenoe  of  airsickness 
during  a  given  flight.  In  this  respect,  hesvy  dependence  must  be  placed  on  the  flight 
instructor  to  gauge  the  Incidence  and  severity  of  alrsloknass  axperlanoed  by  a  given 
student.  Although  the  Instructor  will  obviously  Identify  an  overt  sign  suoh  as  vomiting, 
it  might  be  argued  that  there  would  be  too  many  limitations  Imposed  on  his  Judgments 
where  alrsloknass  occurred  with  less  obvious  signs  and  symptoms. 

The  data  of  this  study  (1-6),  howaver,  have  ahown  a  high  degrte  of  correlation 
between  the  student  end  flight  instructor  ratings  of  alrsloknasb  present  on  a  given  hop. 
In  Table  VI,  Spearman  rank  oorrelatiun  ooefficienta  adjuatad  for  tiad  soorea  are 
presented  which  show  the  close  relationship  between  student  and  Instructor  ratings 
(unweighted  flight  Indices)  of  slrsiokness  Inoldenoe  as  Judged  to  have  occurred  in 
different  training  squadrons.  For  all  three  response  variables,  airsickness,  vomiting, 
and  performanoa  degradation,  the  student  and  Instructor  ratings  are  slgnlfloantly 
correlated  to  the  .001  level  or  better.  The  correlation  ooafflolents  range  from  0.85 
through  0.97  for  the  vomiting  responae  aa  would  be  expected.  Equally  Important,  the 
student  and  instructor  ratings  art  highly  oorralatad  In  tha  range  of  0.69  through  0.86 
for  tha  alrslcknesa  meaaura  aa  wall.  The  weighted  flight'  indioaa,  though  not  Hated  in 
Table  VI,  also  show  correlation  magnitudes  of  equal  or  slightly  greater  magnitude.  In 
this  raspeot,  it  would  appear  that  Instructor-baaed  Judgments  of  airsickness  inoldsnoa 
and  severity  can  well  serve  as  validation  criteria  for  Identification  of  oandidata  tests 
with  tha  hlghast  potential  for  optimizing  the  aircrew  selection  process. 

TABLE  VI 

Spesrmsn  rank  correlation  ooefficisnts  showing  ths  oloss  relationship 
betwesn  ths  student  and  Instruotor  ratings  of  alrsloknass  (unualghted 
flight  Indices)  Judged  to  have  ooourred  during  basic  training  in  VT10 
and  advanced  training  in  VT86-AJN  and  VT86-RX0  for  both  tha  old  and  new 
flight  syllabi  populationa. 


StudinC  Data 
Squadron 
night 
Indices 

Alrslcknaas 
night  Syllabus 
Old  New 

tnstructov  D«tg 
Vomiting 

Flight 

Old  Ngv 

Parf.  Degradation 
Flight  Syllabus 
Old  Naw 

VTIO 

Airsickness 

.80* 

.  79* 

Vunlting 

.93* 

.94* 

Parf.  D«gr«diitlon 

.71* 

.75* 

VT86-AJN 

Alrslcknaas 

.71* 

.69* 

Vomiting 

.92* 

.87* 

Pairf.  Dsgrsdstlon 

.55* 

.61* 

VT86-RIO 

Airplckn«gi 

,77* 

.85* 

Vomiting 

.95* 

.96* 

Parf.  Degradation 

.63* 

.48* 

*  -  significant  beyund  the  .001  lavel 
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piaoififlioM 

CURUH:  VhiC  !•  tht  pircantag*  ovarall  HTO  F-3  attcltien  tot  riS7  What  la  thi  inoldanaa  of  aa- 
tlon  aieknaas  (or  NFO't  in  F-3  (laat  oparatlona,  apacUlcally  low  altltuda,  raca  trank  pattarnT 

GUIDRY:  Wa  do  not  bava  infonatlon  on  attrition  rata  in  F-3  YRS  but  ballava  that  It  wat  rala- 
tlvaly  low  in  our  atudy  baeauaa  wa  had  a  Rood  raturn  rata  on  our  quaitionnairaa*  In  anawar  to  tha 
aaoond  quaatlon,  wa  hava  haard  that  tha  Inoldanea  of  notion  aieknaaa  in  V-3  flaat  oparationa  involving 
low  altltuda  raca  track  pattarna  la  high  and  wa  hava  inoludad  thla  aa  part  at  a  propoaal  (or  atudy  in 
tha  naxt  (ianal  yaar. 
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SUMHART 

This  papar  datorlbaa  axparlitants  In  uhloh  tha  auaeaptlblllty  of  both  oats  and 
squlrral  nnnkays  to  sotlon  sloknass  Inducad  by  visual  stlMUlatlon  Is  documantad. 

In  addition.  It  Is  shown  that  In  both  apsolaa  thosa  Individual  subjacts  most 
highly  susoaptlbla  to  sloknass  Induoad  by  paaslvs  action  ars  also  thosa  aoat 
llkaly  to  bacoaa  "aotlon**  sick  froa  visual  (optoklnatlo)  stliaulatlon  slona, 

INTRODUCTION 

It  Is  wall  knovm  that  ayaptoas  of  aotlon  sloknass,  as  wall  so  Illusions  of  salf-aotlon 
(clroulsrvectlon  and  llnaarvaotlon} ,  can  ba  allcltsd  In  human  subjacts  by  visual  stlnulatlon  alone 
(li  4,  5),  Visual  stlaulatlon  has  alto  baan  shown  to  ba  affactlva  In  aodlfylng  thd  alcknass-lnduolng 
affacts  of  vastlbular  stlaulatlon  (2,  it).  Vurthar,  In  meant  alaotrophyslologlcal  studlss  In  snloals  It 
hat  baan  daaonstratad  that  naural  activity  In  tha  vastlbular  nuclal  la  oodulatad  In  a  similar  way  by 
actual  passlva  sinusoidal  angular  or  llnaar  sccalaratlon  of  tha  snlasl  and  by  visual  stimulation  which 
slaulatas  thosa  notions  (3,  10),  Thssa  findings  suggast  that  vision  should  play  an  Important  rols  In 
tha  production  of  notion  slekhass  In  animal  subjscta  as  wall  as  In  human  subjacts,  and,  as  In  humans, 
tha  affaots  of  visual  stimulation  should  ba  grsatast  In  thosa  animals  most  suscsptlbls  to  motion 
sloknass  producad  by  vastlbular  stimulation. 

With  tha  axcaptlcn  of  tha  report  of  motion  sloknass  In  ona  squlrrsl  monkey  exposed  to  sinusoids! 
ysw-axls  optoklnatle  stimulation  (6),  tha  susoaptlblllty  of  animals  to  vlsmlly  Inducad  motion  sickness 
has  not  baan  doouaantad,  nor  lus  the  ralatlonshlp  batwean  susoaptlblllty  to  notion  sickness  Inducad  by 
visual  vsi  vastlbular  stimuli  baan  sddrassad.  The  studios  rapurtsd  hare  wars  dsslgnad  to  Invastlgsta 
these  factors  In  two  spaclas,  tha  cat  and  tha  squirrel  monkay.  In  thosa  studios  animals  wars  subjaotad 
to  passlva  aocalatstlon  provided  by  a  two-pols  awing  (cats)  or  to  passive  rotation  (monksys),  and  to 
visual  (optokinetic)  stimulation  which  slmulatad  thass  motions.  Levels  of  susosptlMllty  to  visual 
stlaulatlon  alons  vara  compared  with  those  fqr  tha  same  animals  exposed  to  the  associated  vastlbulsr 
stimuli  to  obtain  a  batter  understanding  of  tha  role  of  vision  In  the  production  of  motion  sloknass. 

The  data  ware  also  anslyasd  to  datacUlns  how  conslstant  tha  trait  of  suseaptlblllty  Is  across  dlffsrant 
stimulus  conditions. 


HRTHODS 


Cate. 


Twenty  astura  'fomala  cats  ware  axposad  to  two  coivlltlons  of  visual  and  vastlbular  stlnulatlon  while 
free  to  move  within  a  clear  Plexiglas  caga  (44  on  X  16  cm  X  21  cm).  Animals  wars  axposad  to  notion  for 
a  period  of  20  min  or  until  ratchlng/vomltlng  plus  5  nlii,  whlohevar  period  was  longer,  A  iMrlod  of  not 
less  than  30  days  InCarvsnad  batwaan  asoh  of  tha  taste, 

Conblnad  vlsusl-'vsstlbulsr  stimulation  was  provided  by  a  two-pols  swing  with  a  radius  of  1,8  m,  a 
fraqusney  of  0,37  Ks,  sn  arc  of  1,0  red,  and  a  vertical  dlsplncsmant  of  0,9  m.  This  awing  was  suspandsd 
within  a  large  box-lika  anoloaura,  tha  intarlor  of  which  waa  covarad  with  pattarnad  wallpupar  and 
llluulnitad  with  a  100  watt  bulb,  A  one-way  vlaloo  port  for  oboarvat'ion  uf  the  animal  was  altuatad  at 
one  and  of  tha  box,  Tha  awing  wna  manually  pushed  to  provide  the  vastlbular  atlmulatlon. 

Visual  stlmulstion  alone  was  provided  by  the  suma  two-pols  swing  and  siiclosurs  used  in  ths  comblnsd 
stlaulua  condition,  but  In  ths  Visual  Only  Condition  ths  swing  holding  tha  cat  rsmslnsd  stationary, 
while  ths  snclosurs  was  swung  at  s  frequency  of  0,28  Us,  with  sn  arc  of  l.O  rad.  Tha  vlaual  atlmulatlon 
waa  thua  nearly,  but  not  axactly,  tha  same  In  tha.  Comblnad  Vlaunl-Vaatlbular  and  tha  Vlaual  Only 
Conditions,  For  the  Visual  Only  Condition  both  observation  porta  ware  covarad  with  one-way  vision 
material. 

Four  additional  motion  aicknaaa-lnduclng  oondltlona  Involving  vlaual-vaatlbular  stimulation  ware 
uaad  In  an  aaaaiomant  of  aach  aubjaet'a  level  of  auaeaptlblllty  to  motion  sleknaaa.  In  Condition  1,  a 
turntable  waa  uaad  to  rotate  tha  animals  at  120  dag/ssc.  During  rotation  ths  cage  holding  tha  animal 
waa  tilted  7,5  dmg  above  and  balow  tha  horlsonral  plana  at  a  fraquancy  of  0,6  Hs.  In  Condition  2  tha 
caga  holding  tha  animal  was  auapandad  from  tha  and  of  a  tilting  team  which  oaelllatad  over  a  vertical 
dlatanca  of  2,1  a  at  0,12  Us,  In  Condition  3  ths  tilting  beam  was  used  to  provide  vsrtlosl  osolllstlons 
St  0,42  Hs  with  a  dlsplsoamant  of  1,0  m,  A  tvo-po.la  swing  similar  to  that  daacrlbad  for  tha  Comblnad 
Vlaual-Vastlbular  Condition  waa  used  to  provld*  the  shlmulua  for  Condition  4,  In  this  condition  tha 
■wing  had  a  radlua  of  3.7  m,  a  fraquancy  of  0,27  Hs,  sn  arc  of  1.5  rad,  and  a  vertical  displscamant  of 
1.0  m.  Both  visual  and  veatlbuJ.sr  atlaulatlon  wsra  provldad  In  thata  conditions,  sines  ths  snlma's 
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could  view  the  roota  throuj^h  the  lUexlglao  chqc  durins  each  of  theaa  teste*  In  all  of  these  test 
situatLous  retohlng/voraitlnu  was  detected  by  visual  observation* 

Monkeys  * 

Squirrel  uonheys  were  exposed  to  the  visual  end  vestlbuler  atlaulstlon  while  free  to  nove  in  a 
clear  Plexii'lsn  cai^e  <52  cn  X  23  cm  X  30  cn)  •  KscU  test  session  latcad  until  S  min  after  the  time  of 
rutchlng/vomlting,  or  for  a  maxlman  of  30  nln  if  vomiting  did  not  oecur«  An  Interval  of  at  least  30 
days  without  testing  was  malntalued  between  experimental  seasiona* 

tn  the  Combined  Vlsual-Vestlbuler  Condition  the  aniiula  were  rotated  by  a  turntable  (Goers  Model 
Oil)  while  able  to  view  the  interior  of  the  test  room  (a  2*3  a  Cuba).  The  center  of  the  turntable  was 
located  1  »  from  the  nearest  corner  on  a  room  diagonal*  in  thla  condition  the  animele  could  see  the 
observers  and  other  contents  of  the  test  room,  end  thecafora  were  exposed  to  very  complex  visual 
stiuulaclon  during  rotation. 

In  the  Visual  Only  Condition  visual,  stlnulstion  was  provided  by  an  optoklnatic  drum,  the  inside  of 
which  wue  covered  with  alternatinQ  whits  and  dark  green  stripes,  each  subtending  a  visual  angle  of 
approximately  6*5  deg*  In  this  condition  the  animal  remained  on  the  stationary  turntable  while  tho 
optokinetic  drum  rotated  around  the  animal,  providing  optokinetic  stimulation* 

Two  additional  conditions  (Vestibular  Dark  and  t-'ixed  Viaual'-Veetibular) ,  atudlsd  sxtanaivaly  in 
another  experiment  (2),  ware  used  In  the  aaaessmsnt  of  auaceptihllity  to  vlaual  end  veatibular 
utimulatlon*  In  the  Vestibuler  Dark  Condition  the  turntable  holding  ths  animal  was  rotated  in  the  dark, 
and  the  animal  received  no  viauel  eciraulation*  In  the  l^lxed  Viaual**Veitlbular  Condition  the  optokinetic 
drum  was  coupled  or  fixed  to  the  turntable  and  rotated  with  the  eninel,  so  that  no  optoklnstie 
stimulation  was  produced  by  the  rotation  of  the  turntable* 

Two  different  angular  velooitiee  ware  uaad  to  aeseat  the  effects  of  frequency  of  visual  stimulation 
and  amplitude  of  veatibular  stimulation  on  rslativa  provocativeness  of  the  stimuli  and  on  the 
correlation  betwean  suaceptibility  to  visual  ve.  vaetibular  ettnulat Lon*  ksch  uiuukuy  was  exposed  to 
each  atlmulua  condition  at  both  60  and  ISO  deg/s*  Motion  sickness  was  asssssed  by  determining  Istencies 
to  rstching/vomiting  by  audio  monitoring* 


RESULTS 


Cats. 


Two  cate  out  of  the  20  tested  (lOX)  were  made  motion  sick  to  the  point  of  rstching/vomiting  under 
the  Visual  Only  Condition*  The  Istenclaa  to  the  first  retching/vomlting  episode  for  the  two  cats  ware  2 
min  and  19  nin*  Kive  of  tha  20  animals  (25X>  were  made  motion  sick  by  the  combined  vlsual*vastibular 
stimulation.  The  lataneles  to  the  first  retching/vomlting  episode  ranged  from  5  min  to  17  stin*  Tha  two 
auiuuis  which  bacama  sick  in  the  Visuei  Only  Condition  were  elao  made  sick  by  the  combined 
vlaual-'veatibular  stimulation*  however,  the  remaining  three  anitnals  which  were  susceptible  to  combined 
visusl*veatibulsr  stimulatiou  were  not  made  sick  by  visual  atiwuletion*  Thus,  although  neither  stiaulus 
produced  high  races  of  sickness  In  these  cats,  of  those  animals  which  were  mads  sick  by  combined 
vlaual-vestibulnr  stimulation  a  subset  was  mads  sick  when  exposed  to  visual  stimulation  alone* 

To  dttCariaine  wl^echer  there  is  a  relationship  between  eusceptiblllcy  to  visuei  end  to  veatibular 
stlraulation,  two  comparlaons  were  uieda*  One  comparison  involved  deCeriuining  whether  the  animals  which 
rutched/vouited  to  visual  atiraulation  were  those  Individuals  with  tha  shortest  latencies  to  retching/ 
vomiting  In  the  condition  involving  combined  visual-vestibular  acimulatlon*  If  tho  anlmala  which 
ratchad/votuitad  in  the  combined  condition  are  ranked  in  order  of  aacendlng  letenclea,  wicit  a  rank  of  1 
being  the  ahorteat  latency  (5  min)  and  a  rank  of  5  being  the  longest  latency  (17  min),  It  was  found  that 
the  anluala  which  retchad/vouited  to  visual  atlmulation  were  not  thoae  ranked  1  and  2  on  the  combined 
atlmulua,  but  rattier  chose  ranked  3  and  4*  Thui,  the  two  cats  which  retched/ vomited  to  viauel 
stimulation  were  not  Che  most  ausceptible  animals  if  latencies  to  retoUing/vomiting  on  tha  combined 
viaual-vestibular  test  are  used  ss  the  criterion  of  ausceptlblllty. 

Another  measure  of  suaceptibility  is  available,  however,  since  all  of  these  snimalu  had  been  tested 
for  motion  sLoknesa  jn  Che  four  additional  condicions  Involving  rotation,  vsrtical  oacillation,  and 
uwingiug*  If  animals  sve  ranked  on  the  basis  of  each  of  their  responses  in  five  repeated  trials  on  each 
of  the  four  additional  motion  sickness  tests  (s  total  of  20  test  sessions),  with  Rank  1  assigned  to  the 
animal  having  tha  highsat  number  of  test  seastons  in  which  rstching/vomiting  occurred,  then  Che  two 
anlmala  which  vomited  to  visual  stiniulecion  were  renked  1  (vomited  10  times)  end  2  (vomited  5  times)  for 
susceptibility.  Uy  tills  measure,  tha  animals  made  sick  by  optokinetic  stimulation  ware  indeed  the  most 
susceptible  cats* 

Monkeys* 

The  percentage  of  monkeys  rstching/vomiting  in  the  Visual  only  and  Combinsd  Visual-Vsstlbular 
Conditions  and  ths  median  latency  to  the  first  sickness  episode  are  shown  in  Tsbls  1  for  both  angular 
valocitiss.  The  high  peresntags  of  animals  vomiting  to  visuei  stlmuistlon  alone  was  quite  unexpected  on 
the  besli  of  ths  data  from  the  cat  and  from  human  atudies,  both  of  which  typically  show  that 
auscepCibillCy  Co  visual  stimulation  Is  much  lower  than  that  to  combined  viauel-vestibulsc  stimulation* 
In  this  study  ths  incidence  of  vomiting  at  ths  lover  velocity  was  the  esme  with  visual  and  combinsd 
stimuistton  (j)  >  *50),  but  the  latency  to  sickness  wms  shorter  In  tha  Visual  Only  Condition  (^  ^  *01)* 

At  ths  higher  velocity,  where  greetrr  vestibular  effects  would  bs  sxpsctsd,  Che  Incidence  of  sickness 
wee  geaatsr  (^  <  *05)  and  ths  latency  to  sickness  warn  shorter  in  the  Combined  Vlauel-Vestibuler 
Condition  Chan  in  the  Visual  Only  Condition  (ji  <  *05)* 
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Table  1.  Median  Latency  to  Retchlnu/Voflilting  and  Percentage 
of  Anlnala  Sick  In  Each  of  the  Teat  Conditions  (N  •  27). 


ANGULAR 

MEASURE 

VISUAL 

COMBINED 

VELOCITY 

ONLY 

VISUAL-VESTIBULAR 

MOM.  UTEHCY 

10 

2S 

60  deg/s 

(min) 

Z-aga  SICK 

74 

70 

HON.  UTENCY 

11 

8 

ISO  dag/a 

(aln) 

X-Ase  SICK 

ai 

100 

To  aaaeaa  whether  the  highly  auteeptlbl*  anlaala  wars  laora  llkaly  to  bacoits  sick  whan  axposscl  to 
the  optokinetic  atlaulus,  thoea  anlaalt  uoat  and  laaat  auacaptlkla  to  alcknaas  In  tha  Coabltiad 
Vlsual-Veatlbular  Condition  uara  lalaetad  aa  rapraaantatlva  of  tha  axtraoaa  of  auacaptiblllty  Induced  by 
rotation.  Animals  with  tha  7  shortaat  and  7  longest  (hlghast  and  lowest  2SZ)  latencies  trot  tha 
extremes  of  the  retohlng/voaltlng  latency  distribution  for  aach  angular  velocity  ware  taken  aa 
rapreaentlva  of  tha  laaat  and  most  susceptible  subjects  for  that  velocity.  Thu  aaan  and  median 
latencies  to  retchlng/vuultlng  to  optokinetic  stimulation  at  each  angular  velocity  wars  than  calculated 
for  these  highly  auacaptlbla  and  raalatant  anlnala.  These  data  ara  shown  In  Table  2.  Animals 
cluaslfled  aa  auacaptlbla  to  tha  combined  vlaual-vaetlbulac  stlnulatlan  had  shorter  median  latsnclea  to 
retehlng/voultlng  Induced  by  optokinetic  atlnulatlon  than  did  those  clesslfled  as  resistant.  This 
ralatlonahlp  occurred  for  taste  run  at  both  60  deg/e  (£  -  .04)  and  ISO  dag/e  (£  >  .03)  ahowlng  that 
animals  euacapclble  to  coablnad  vlsual-veetlbular  etlmulatlon  ware  also  those  moat  susceptible  to  visual 
etimulstlon. 


Table  2.  Mean  snd  Hadlsn  Latency  (aln)  to  Ketehlng/Voaltlng  Induced  by  Visual 
Stimulation  .^t  60  and  ISO  deg/s  for  Animals  Selected  as  Susceptible  and 
Ksaletant  on  tha  Savle  of  Combined  Vleual-Vsetlbular  Stimulation. 


MEASURE 

60  dag/i 

ISO  deg/e 

Raalatant 

Susceptible 

Reeletant  Susceptible 

MEDIAN 

26.0 

7.3 

22.0  4.7 

MEAN 

20e3 

10.8 

20.9  10.0 

This  conclusion  Is  based  upon  an  analysis  of  the  relationship  between  the  letsnclee  to 
ratchlng/vomltlng  for  anlmsls  representing  the  axtreaas  of  the  ausceptlblllty  epactrum,  l.e.,  those 
which  ware  either  vary  susceptible  or  vary  resistant.  Such  an  analysis  could  be  misleading,  since  any 
raistlonshlp  could  depend  predominately  upon  extrema  ranges  of  suscsptlbllty,  end  thus  might  not  reflect 
accurately  tha  responses  of  the  entire  population  of  subjects. 

To  axsmlna  this  issue  further,  we  obtained  correlations  between  slcknees  latencies  from  all  monkeys 
across  the  four  different  elcknaae-lnduclng  eondltlons.  Including  Visual  Only,  Combined  Vlaual- 
Vostibulac,  Vastibulsr  Dark  snd  Fixed  Vlsual-Vaetibular  Conditions.  Tha  corralstlona  between  latanolas 
obtained  during  visual  stimulation  alone  snd  those  obtained  during  the  three  other  conditions  of 
stimulation  are  shown  In  Table  3.  These  results  Indicate  that  at  60  dsg/s  (upper  portion  of  the  table) 
tha  lavel  of  sickness  evoked  In  Individual  animals  by  tha  optoklnstlc  etlmulatlon  Is  predicted  better  by 
tha  rasponsu  of  these  animals  to  tha  Fixed  Vlsual-Vaetibular  Condition  than  It  Is  by  the  rseponea  to  tha 
Combined  Vleual-Vsetlbular  or  the  Vastibulsr  Dark  Conditions.  Conversely,  elcknses  evoked  by  the 
optokinetic  stimulus  at  ISO  deg/s  (lower  portion  of  the  table)  Is  predicted  batter  by  the  data  obtained 
from  the  Combined  Vlaual-Vaetlbular  Condition  then  by  those  obtained  In  the  other  two  conditions. 
Predletlona  about  euacaptlblltty  to  visual  atlaulatlon  baaed  on  data  obtained  during  vestibular  dark 
stimulation,  a  condition  not  Involving  visual  atlmulatloii,  la  poor  for  both  angular  valocltlti. 
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Table  3.  Conelatlona  Decwuen  tatenclee  to  Ketchlng/Vonltlng  (N  -  27). 


60  cici|j/« 

VESTIBULAR 

DARK 

COMBINED  VISUAL- 
VESTIBULAR 

FIXED  VXSUAL- 
VESTXBUUR 

VISUAL 

ONLY 

VESTIBULAR  DARE 

1.00 

0.16 

0.19 

0.08 

COMBINED  VXHUAlr 
VESTXBULAK 

— 

1.00 

0.28 

0.36 

riXED  VISUAL- 
VUSTXBUALR 

—  l.OO 

XSO 

0.53  * 

VESTIBULAR 

DARK 

COMBXNED  VISUAL- 
VESTIBULAR 

FIXED  VISUM- 
VESTIBULAR 

VISUAL 

ONLY 

vestibular  dark 

1.00 

0.20 

0.34 

0.13 

COMBINED  VISUAL- 
VESTIBULAE 

— 

1.00 

0.74  * 

0.56  * 

FUED  VISUAL- 
VESTIBULAR 

1  1 

1  1 

1 

1 

1 

1 

1 

1 

t 

il 

f 

• 

f 

1 

1 

■ 

1.00 

0.41 

* 

£  <  -05 


UISGUBSION 

Tliaie  itudlae  Indicate  that  in  anlual  aubjecti,  a«  In  nan,  notion  alcknaai  nan  be  elicited  by 
vleual  etlnnlatlon  alone,  a  condition  which  Involve!  no  direct  etlnulatlon  oC  Che  veetlbualar  end  organa 
bi*  paeelve  notion,  Thl!  etudy  haa  alag  ahown  chat  a  aubjact'a  auacaptiblllty  to  alcknaea  Induced  by 
optolclnatlc  atlnulaclon  la  predictable  Iron  Infornaclon  about  that  lubjeot'a  auacaptlblllty  to  other 
notion  condlclona.  In  general  theee  data  indicate,  aa  do  data  (con  atudlaa  with  huann  aubjaota,  that 
thoee  Indlvlduali  that  ace  highly  auaoa'ptlble  to  motion  alcknaea  Induced  by  paaalva  notion  ace  more 
llkaly  to  become  alck,  end/oc  become  alck  more  rapidly,  to  vlaual  atlmulatlon  alone,  Chan  are  aubjecta 
chat  era  relatively  ceaiatenc  to  alcknaea  Induced  by  paaelve  rotation. 

While  relative  auacaptlblllty  In  thla  population  la  predloteble  between  aoma  condition!,  the 
detarulnanta  a£  thla  prediction  ace  nut  clear,  Current  thmorlee  of  motion  alcknaea  (7,  9)  auggeat  that 
■  Ickneaa-evoklng  propertlea  of  a  alcuacion  depend  upon,  or  evolve  from,  a  complex  Interaction  oi’ 
atlmulua  chacacCerlatlca  and/or  effecta.  Praaumably  theee  Intereetlona  among  the  vlaual,  veatlbuler, 
and  proprlocaptlva  ayatema  occur  while  the  Individual  la  malntelnlng  poatoral  end  oculomotor  control  end 
performing  gcul-dlcacted  behavlora,  Thu  fact  that,  aa  ahown  above,  corrolatlona  axlat  between  dlffarunt 
condltlona  at  the  two  different  velocltlea  of  aclmulatton  lapllee  that  at  the  lower  velocity,  production 
of  alcknaea  In  the  Vleual-Vaatlbulec  Fixed  end  Vlaual  Only  Condltlona  had  aoma  particular  combination  of 
vleual-veetlbular-proprlooaptlva  factore  In  oomuon.  At  the  higher  velocity  the  relatlonehlp  among  thaae 
factor!  wee  cloaer  In  the  Combined  Vlaual-VeeClbuler  and  Vlaual  Only  Condltlona, 

Theau  data  ehow  that  the  perclculur  combination  of  vleual-veatlbuler-proprloceptlva  factora  which 
produce  motion  alcknaea  muy  be  gulte  different  under  condition!  of  etlnulatlon  with  almllar  motion 
component!.  It  thue  aeeme  obvloua  that  Improved  prediction  of  auacaptlblllty  to  motion  alcknaea  will 
requiem  extanalva  analyala  of  the  apaclflc  conponanta  of  motion  atlmulatlon  which  produce  chat  alcknaea , 
In  addition,  thaae  experlmanta  have  ahown  that  both  the  cat  and  aqulrrel  monkey,  like  nan,  era 
auaceptlble  to  motion  alckneae  Induced  by  vlaual  atlmulatlon  alone.  The  fact  that  the  aqulrrel  monkey 
appear!  to  be  highly  auaceptlble  to  vleuelly-lndueed  motion  alcknaea  auggaata  chat  thla  animal  may  ba 
uaaful  for  more  detailed  enalyeea  of  the  role  of  vlaual  Input  In  the  production  of  notion  alcknnee  end 
for  the  eeaeaemanc  of  pecematora  critical  Co  euaceaafui  prediction  of  euioaptlblllty  ecroee 
■Ickneae-lnduclng  condltlona. 
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aigcpggioH 

UniKDY:  Your  pradletlon  ralatlonahlpi  ara  likely  to  ba  higher  If  you  correct  tha  eorralatlona 
by  tha  attanuatlou  occaaiuaad  by  tha  expected  uorellohlllty  of  the  criterion.  The  litter  may  be  beat 
aatUustad  by  Guadry'i  data  vhluh  luggatt  r  ■•50  Is  rausaable. 

DAUMTOlli  The  unreliability  of  tha  critarlon  (vcnitlng)  la  not  dut  to  unrtllohllity  of  tho  moas- 
uramant  but  li  an  Inharant  raeponia  unreliability.  Ho  tagord  tha  uncorractad  eorralatlona  aa  good 
daasrlptora  ot  tha  ralatlonahlpa  among  tha  yarlablae  raportad  hart.  On  tha  othar  hand,  It  la  of  In- 
taraat  to  knov  vhat  tha  eorrelatlone  night  ba  without  thaao  uMallabilltloa,  and  wt  aheuld  txaalna 
auoh  uorraetlona. 

OtUM:  Do  you  hava  any  data  on  taat/rateat  rallahllity  of  any  of  tha  Individual  traataanta 
(ttita)  you  uaadt  How  data  thia  ooapara  with  tiailar  taata  Involving  humanat 

Q&UNTOHi  Aa  oeourt  with  huaant,  toaia  Indivlduala  taapond  on  ttcb  axpoaura  to  motion  while  otbara 
raepond  ou  aoma  taata  but  not  othare.  Aa  a  ganaral  rule,  wa  expect  an  inalyaia  would  show  that  ani- 
aala  ara  ecnaiatant  in  their  raaponaaa  on  about  7SX  of  the  taata. 

GUDKT:  Did  you  aay  that  the  aniiMlt  ware  fraa  to  aonra  within  thalr  oontainar  in  all  ot  tha 
atinulus  oonditloua  you  uaadT 

DAUMTOR:  Yes,  tha  animals  move  freely  iu  the  conteinar-whioh  wee  the  teme  alee  in  oil  of  the 
oonditiona. 
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RESUME 


L«i  acc^l4r«tlon«  da  Corloll*  provo<]uA«fi  pair  la  dApart  at  I'anfit  d’una  cantrifufiauat  antratnant 
da  fortaa  lanaatlona  illuaolraa  da  dAplacanant  angulalra*  L'aaplltuda  da  oaa  lanaationa  a  AfcA  Atudldt  dana 
daux  groupaa  da  aujatai  rdcaptlfa  le  non  rdeaptifa  au  mal  das  transports.  On  s  dgalaoMnt  fait  vsrlar  l*axa 
d'appUcation  du  factaur  da  charga  par  rapport  A  la  tSta.  Das  dlffdranoss  d'amplltudas  notablas  ont  4t4 
ralavdas  antra  las  daux  groupai  pour  'i*ansanbla  das  protocolas  Atudlds*  L'orlantstlo.n  du  factaur  da  oharga 
Influence  fortanant  I'apparltlon  des  aymptdnas  da  clndtose. 

INTRODUCTION 

Kalgrd  laa  trAa  nonbrausaa  dtudaa  qul  ont  pu  tul  Atra  contaordaai  la  as?  daa  fcranaporta  poasAda 
ancora  qualquaa  aapacta  ralativaraant  aal  connua*  Parai  caux*ci  la  problAma  das  dlffdrancas  da  suaoaptibt* 
lltd»  vis  A  vis  das  stlaulstions  provoostricssi  ohaarvAas  an  pratlqua  couranta  d'un  Indlvidu  A  I'autra^ 
n'a  pas  ancora  raqu  da  rdponis  satlsfslsante. 

Pour  touB  osux  qul  ont  au  A  sAlactionnar  das  psrsonnals  dsns  ca  doaalna«  11  ast  an  affat  olsssl-* 
qua  da  constatar  qua  la  sanalbllltd  aux  stlnulationa  habltuallamnt  amployAaa  la  diatribua  d'una  nanlAra 
trAi  arratiqua  dans  la  population* 

Cartslnas  Atudab  (3)  ont  pu  nontrar  qua  la  mal  das  transports  Atait  aoins  frdquant  dana  una  popu¬ 
lation  da  pllotaaqua  dans  La  population  gAndrala*  Toutafoia»  on  paut  voir  dsa  pllotas,  pourtant  trAs  habi* 
tudi  aux  atioiuLatlons  vastlbulalras  aAronautlquaa»  rAvAler  una  grand#  sanslbilltA  aux  dpreuvas  da  Oorlolli 
slora  qua  d'autras  aujats,  aiui  axpdrianca  parLioullAra»  ddmontrant  una  luBunltd  ramarquabla  vis  A  vli  da* 
aAMf  oontralncaa* 

Laa  notions  da  rAoaptlvUd  at  d 'adaptibllltAi  avancAaa  par  REASON  (17)  pour  expllquar  oas  dlffd- 
ranooBi  oonatltuant  una  hypothAaa  da  travail  IntAraaaanta* 

Oapandsnt  Is  susoaptibilitA  au  nal  daa  tranaports  doit  dtra»  dana  la  plupark  das  cas,  dAtarnlnda 
A  I'aida  dUptauvas  provoquant  1 'apparition  du  s^ndrSma.  Pluslaura  difficultAs  aurglsiant  alors  i 

•  O'ast  an  pramlar  llau  la  dlfflcuUd  da  portor  un  Jugauant  objtQtif  aur  la  sAvAritA  du  malalan 
angeudrd  par  las  atlmulatlonst  surtout  chaa  daa  aujats  non  coopdrants* 

-  C'oat  auaal  la  problAna  biati  oonnu  da  la  apAciflcltd  daa  stimulations*  I.'oxpdrlsnca  dts  vols 
spatlsux  a  clairsuant  mla  an  dvldanca  qua  I'on  paut  Atra  affaetd  an  Impasantaur  tout  an  rdslstant  parfalta- 
uant  au]:  dprauvas  da  laboracolra  sur  tarra* 

11  n'oat  done  pas  dtonnsnt  qua  da  nonbraux  auteurs  as  volant  sttschds  A  rallar  la  auscaptlbllitd 
au  ttivl  das  transports  svac  das  variables  pltyslologlquea  ou  psychologlquss  plus  gdndrslas. 

On  paut  alnsl  altar  dano  La  dontslna  cardlo-vaaculaira  las  dtudss  rspportdas  par  ORAHFTON  ot  plus 
tard  JOHNSON  at  coll. (8)*  Oartalnas  corrdlatlona  paycbologlquaa  ont  dgalamant  pu  Atra  avanedaa  par  COLLINS 
at  LENTZ  (4).  HONEY  (13)  at  REASON  (17)  font  la  ravua  da  oaa  corrdlatlons* 

Blan  dvidanaant  ua  sont  laa  caraetdriatiquas  da  fonctionnamant  da  I'apparail  vaatlbulairu  qul  ont 
princLpslanant  ratanu  I'attantlon  da  la  aajorltd  das  autaura.  On  pansa  blan  sAr  aux  cravaux  da  I'dcola 
Hollandalaa  avac  VAN  EGM0ND»  OROAN  at  JONOKEES  qul  ont  ddvaloppd  laa  taohniquaa  da  cupulomdtrlat  utlllsdaa 
par  cartains  autaura  pour  prddlra  Is  suscaptlbllitA  au  mal  daa  tranaports. 

Daa  dtudaa  plua  rdcantaa»  mandas  par  BENSON  (2)  at  aurtout  DOBIE  (S)  ont  cLalramant  ddmontrd 
qu'll  n'axlstalt  pas  da  corrdlstlon  slgnlf icatlva  antra  los  caraetdriatiquas  du  cupulogrsmms  at  la  auscop- 
tibllitd  indivldualta  aux  cindtoaasi 

Da  mAmsi  toutas  laa  dtudaa  mvndaa  ultdriauramant »  an  psrtloullnr  par  CLARK  at  STEWART  (3)  aur  las 
sauils  da  parcaptlon  daa  rotatlonit  LENTZ  sur  I'snalyaa  du  nystsgmua  rotatoira  (ll)»  n'ont  pas  psrmis  da 
mattra  an  dvldanca  das  csrsctdristlquss  propras  su  fonctlonuanant  vaatlbulalra  qul  aolant  li.dsa  A  la  sua- 
captibllitd  au  usl  das  transports.  Finalsmant  laa  aaula  rdaultata  positlfa  dsns  ca  domain#  sont  osux  rap- 
portds  par  REASON  (16)  aur  cartalnas  variablss  ptychophyalquaa  at  aur  I'aatlmatlon  da  la  parcaptlon  da 
vitaati  angulalra  post-rotatoira* 

Pour  REASON  la  rdoaptlvitd  su  nal  das  transports  ddpandralt  an  qualqua  aorta  da  la  faqon  dont  la 
systAas  narvaux  oantrsl  "codarait  I'dnargia  daa  atlmulations  sanaorlallas".  Oas  rdsultats  parmattent  dga- 
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lemcnt  k  CLARK  <3)  <l'4roettre  1'opi.nj.on  quc  "les  4|>rcuvas  donnanc  une  Indication  de  la  fa^on  dont  le  ays- 
tiimo  nerveux  central  traite  1 ' information  veatibulaire  aembla  avoir  une  valeur  dans  la  prediction  du  nal 
dee  tranuporte". 

Cartains  rdsultats  portent  sur  1«  Jugament  du  diplacanant  da  la  vartlcala  por9Ua  au  coura  da 
lancamenta  an  centrlfugeuee t  lorsqu'axistcnt  daa  acceieratlonB  de  Coriolis^  saroblent  apporter  un  nouveau 
support  experimental  k  cas  afflrmationa. 

METHODES 


li'experlnantation  a  4td  conduita  aur  la  cantrifugauee  du  Laboratoira  da  Hedacine  Adroapatiala 
dana  la  conflgaration  neoalle  libra.  Gatta  configuration  impllqua  I'axLatenca  de  Cortea  acodldratlonB 
da  GorLolia  au  ddpart  et  k  I'arrdt  da  la  cantrifugauaa*  Daa  sanaatLona  illuaolrea  aont  done  par^uaa  par 
lai  aujeta*  Cea  illuaione  conaiatant  an  unu  aantal-.ion  da  baaoule  plua  ou  moina  importante  dana  le  plan 
aagiVtal  du  corpa. 

Douse  eujeta  volontairea  ont  subi  I'anaembla  dee  trola  protocolaa  conatituant  1 'exp4riuantatlon. 

Lai  aujeta  avaiant  claaa^a  an  deux  groupaa  diatlneta  aalon  leur  rdcaptivitd  aux  affats  daa 
accdldratione  de  Coriolis. 

Un  premier  groupe  conpoad  dMndividui  rdaiatanta  d  ce  type  de  stimulation  (NR  *■  Non  Rdoaptifa) 
a  dtd  recrutd  parmi  daa  peraonnaLs  n'ayant  pas  ou  peu  d'hiatoire  da  mal  daa  ttansportSi  malgrd  laur 
axpdrlonce  dee  stlmulatlona  vaatlbulairea. 

Le  dauxidroa  groupe  de  eujeta  (R  ••  Kdeaptifa)  a  dtd  adlectlonnd  uur  dea  critdrea  d'axposltlon  aux 
accdldrationa  eur  un  fiuteull  tournant  et  aur  laura  antdodieata  de  cindtoaa. 

Aucun  dea  sujnta  na  pedaentait  d'antdeddenti  de  trouble!  vaatlbulairea  pathologlquaa.  Une  axplo* 
ration  fonutvunueUa  dee  catiaux  seui-direulalrea  •  dtd  rdaliadw  pour  chacun  d'entre  eux  tors  d'dpreuvea 
rotatoires.  Gas  dprauvai  rdaUadassur  un  fautault  tournant  CONTRAVEli-GOERZ  (PITTSBURG)  ont  permit  de  cal- 
culai'i  pour  chaque  sujati  lea  oarautdriatiquaa  da  gain*  da  phase  at  da  prdponddranca  labyrlnbhique  du 
rdClaxe  veitibulo-ncuUire.  Qaa  valeure  oont  pour  I'enaamble  dee  vujets  dans  le  cadre  de  U  normalitd. 

La  plupart  dea  partiolpanti  dans  Its  deux  groupee  dtalent  ddjb  faniliarisde  svoc  lea  lancemanti 
an  centrlfugauae I 

Lu  dlapoeitif  axpdriaantal  utilied  pour  I'eaeal  a  dtd  Inatalld  dans  la  nacelle  "universalle"  de 
la  cantril'ugQuee  du  Laboratoira. 

Un  cadre  tndtallique  eur  lequel  reposait  un  matelae  coquille  dtalt  fixd  sur  la  planchar  da  la 
nacallet  da  fa^on  k  ce  qua  la  tdta  du  aujet  sc  trouva  d  1  * interaactlon  da  I'axa  da  rotation  da  la  naoulla 

(X  nacalle)  at  du  rayon  mddian  du  braa  (Y  nacalla).  Lae  plada  du  uujat  an  trouvaiant  alnsi  k  I'arridra  de 

la  nacalle  par  rapport  k  la  direction  du  lencanent.  Avant  chaque  adrla  d'eesaie,  la  sujat  dtalt  auignause” 
mont  InstaLld  at  I'on  faieait  alors  le  vide  dane  la  matalatf*  Daux  sanglaa  Immobillaaient  le  corpa  au  ni¬ 
veau  du  thorax  at  du  baeeln.  Une  sangle  frontale  aeauralt  la  contention  de  la  tSte  dana  un  repoae  tdtn 
on  forme  de  U< 

Lea  paraadtrei  phyaiquat  du  lanoemant  dtalent  reoueillls  au  uoyan  da  chatnes  da  mature  d'accdld- 
ratione  lindalrta  at  da  vitaaeas  angulalraa.  Lai  captauri  dtiiant  litudi  au  plui  prdi  de  la  tftte  du  aujet 
at  dim  la  bras  da  la  cantrifugauaa* 

Un  ayatdma  optlqua  da  projaotion  d'imaga  coupld  ^  un  lavlar  da  oommanda  paraettalt  au  lujet  d'in** 
diquar  la  poaitlon  parqua  da  I'horixontaLa  at  da  la  vartioale  au  couri  du  lancamant. 

Un  repdra  lumlneux  orthogonaL.  conatltud  d'una  bmrra  pour  I’hurlaon  at  d'un  point  pour  la  vorti- 

calti  dtalt  projatd  aur  un  dcran  hdml-cyllndriqua  da  cm  da  large  at  da  140  cm  da  dlamdtro.  Au  rapoa* 

la  rapdro  dtalt  cald  do  faqon  k  indiquar  la  vartlcala  at  I'horizontala  vraiaw  Un  ayatdmo  da  rappel  per- 
mattait  da  ramanar  autoMtiquamant  la  diapueitif  k  catta  poaitlon  lorsqua  le  aujet  n'axarqait  pae  da 
prasiion  eur  la  lavlar. 

L'dcran  dont  le  diaudero  dtalt  diipoad  aaloit  I'axa  aagittal  du  lajat  comportaiti  aur  un  fond 
blanu*  daa  ■trial  nolrai  da  0)6  cm  da  large.  Lea  repdrei  da  poaitlon  dtalent  portds  tout  laa  dlx  degtdo 
d  partir  da  la  vorticale.  La  tdta  du  aujet  dtalt  placde  au  cantra  gdomdtriqua  du  diapoiltlf.  La  diitanca 
dal  yaux  d  la  lurface  da  projection  dtalt  done  d’anvlron  70  cm* 

Un  potantiomdtra  solidalra  du  lyetdoia  optlqua  parnettalt  da  connattra  la  aani  at  da  maeurer  la 
valeur  du  ddplncement  angulaira  du  repdra  lumlneux  loriqua  le  aujet  agiiiait  sur  la  lavlar  da  commande. 
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Pendant  let  eaaaii  1«  eujat  4t«lt  Mia  an  condition  da  *'vialon  atablliada"  (rdfdranca  viaualla 
interne).  C 'eat'4'*dlrc  qu'il  na  dlapoaait  d'aucuna  rdfdranea  viaualla  ll4a  au  rapbra  tarraatra* 

La  aurvaiUanca  aiddicala  ^tait  aaaurda  au  moyan  d'une  caaidra  vlddo  an  baaaa  luainanca  (AATON) 
ainai  qua  par  un  contact  auditlf  (Intarphona  daux  vniaa).  Da  plua  una  aurvaillanca  eonatanta  da  I'dlactro* 
cardiograoM  dtait  pratiquda  tout  au  long  du  lannanant  aur  un  aonitaur  viddo  da  contr5la. 

L'anneabla  dee  aignaix  an  provananca  da  la  naealla  at  du  bria  tranaitait  par  laa  contacta  tour- 
n/!nti  da  la  cantrl fugauaa  juaqu'au  poata  da  contrAla«  Un  anraglatraur  Mgndtlqua  8CULUMBCR0ER  A  4660  aa- 
aurait  I'acquialtlon  da  caa  donndaa  ainai  quarallaa  daa  aignaux  d*una  baaa  da  taapa  ood^.a*  SiaiultandMant 
laa  aignaux  d*antrda  dtaiant  contrdlda  an  taapa  rdal  aur  un  oaeilloacopa  14  voiaa*  Laa  aix  paraaAtraa 
principaux  ^talent  anvoyda  an  ralaetura  aur  un  anragiatr^ur  grai^iqua  GOULD* 

Chaqua  groupa  da  aujata*  rdcaptifa  ou  non-rdeaptiio  aux  affata  daa  uccdldratiena  da  Coriolis 
(K»  NR)  a  dtd  louaia  i  la  tiOna  adria  d'taaaia. 

A  I'laiua  d'axpdrlancca  prdltainaira«i  t^oia  protocolaa  d'aaaaia  avaiant  dtd  ratanua. 

Lea  protocolaa  falaaiant  raapace ivaaant  variar  la  nivaau  da  I'ficodldration  an  plitaau»  la  panta 
da  misa  an  accdldratloni  la  poiitlon  da  la  tdta  du  aujat  ralatlvamant  au  factaur  da  oharga*  L*affat  da  la 
variation  da  poaition  da  la  tdta  n'a  dtd  axanlnd  qu'an  coablnaiion  avac  la  variation  du  nivtau  d*accdldra- 
tlon« 


Laa  ataaia  ont  done  dtd  diviada  an  protocolaa  *'NUaau''  (avac  un  protonola  *'X-Mivaau**  at  un  pio- 
tooole  ''Z-Klvaau"  aulvant  I 'oi lantatlon  da  la  tita)  at  an  protocola  panto  (poaition  salon  I'axa  X)* 

L'organiaatlon  «atdrialla  daa  aaaaia  lapoaa  qua  chaqua  protocol#  aolt  appliqud  aMecciL>;)ivanant 
aux  aujata.  C'aat  ainai  qua  laa  aaaaia  avac  la  factaur  da  charge  orlantd  salon  I'axs  X  da  la  tdta  ont  dtd 
ay8;:dmatlquaaant  affactuda  avant  laa  lancananta  an  poaition  **Z*\  Chaqua  protocolt  coaportait  3  traitaaanti 
dlffdvanta* 

Afin  d'dllBinar  un  dvantual  atfat  d'ordra«  il  a  dtd  proeddd  4  una  parautation  eireulaira  da 
I'ordra  4a  prdaantition  daa  dltfdranta  traitaaanta  4  tUntdriaur  4a  chaqua  protocola*  Lea  eallulaa  da 
trois  ainai  conatitudaa  ont  dtd  rdpllqudaa  quatra  foia  pour  tanir  ce«pta  du  noabra  da  aujatatUn  intarvalla 
ainiMUA  da  7  joura  a  dtd  raapaetd  antra  chaqua  protocol#* 

Protocolaa  Nivaau 

Laa  daux  protocolaa  '^Nivaau*'  (Z-Nivaau  at  X-Nivaau)  eoaportalanl  chaeun  trola  proflla  d'aecdld* 
ration  dif fdrantttprdaantda  Mucceaalvaaant  au  lujat  4  anviron  5  alnutaa  d'intarvalla* 

Las  proflla  conaiataiant  an  una  aiaa  an  aecdldratlon  avion  una  panta  ceoatantai  idantlqua  pour 
chaqua  aasai  v33”/g)  avac  unw  valaur  tarainala  da  I *acc4tdratien  fixda  4  2»3  ou  4  g  (N^,  g.,  g.).  La  pla¬ 
teau  dtait  aaintanu  pandant  10  aecondaa*  La  cantrlfugauaa  dtait  alora  arrdtda  salon  un  proiil  da  ddcdld- 
ration  aaintanu  constant  d*un  lancaaiant  4  I'sjtra* 

Chaqua  protocols  nivaau  dtait  prdcddd  d*un  tance«ant  d^antratnaaant  corraapondant  4  ua  profil 
N^.  Ca  lancBaant  portait  done  4  4  la  noabra  total  daa  Inocasanta  da  cantrlfugauao  pour  chaqua  protocol# 
da  ca  typa. 

La  diffdranco  antra  laa  prutocolva  "Z-Nlvaau**  at  X-Nlvaau**  viant  dene  da  la  variation  da  I'o- 
rltncation  da  la  fdta  ralativanant  4  I'axa  d'appUcatton  du  factaur  do  charga* 

La  condition  "X"  aignifia  q>ia  e'eat  I'axc  X  da  la  tdta  qni  coroclda  avac  I'axa  d 'application  du 
factaur  da  charga.  (C'ait-4-dire  toujeurs  I'axa  da  la  nacal\a)>  Dans  ca  cas  la  au)at  aat  coaipl4taoant 
^Uongd  paL'alldlaMnt  au  plaiichar  die  la  naealla. 

Pour  la  condition  "z",  c'aat  salon  I'axa  Z  da  la  cita  qu'ast  appliqud  H  tactaui  da  charge. 

Dans  ca  cas,  la  aujat  ast  placd  dana  una  poaition  deni '■couchda  oh  l*axa  Z  da  la  tdta  aat  parpandicutaira 
au  planchar  da  la  naealla* 

Protocalc 

Dans  la  protocoia  panta  la  vsiSur  da  1 'accdldration  sttainta  an  plataau  dtait  da  4  f  qual  qua 
soit  I'aaaai. 

Las  pantas  da  laiaa  an  acedidrafiou  at  da  ddedldratioa  pour  laa  troia  kancaaiiata  coaatituaat  ca 
protocol#  dtaiant  claaad..j  an  punta  fafbla,  panta  sioycuna  at  paotc  forta  (P.i  P^).  L' aasarvlaaaaat da 
la  oantrifugsuaa  aat  affentud  an  vltaaac.  Cast  done  ia  valaur  4a  la  panta  4s  ulaa  an  vlLaaaa  a^qpilnira 
qul  aat  priaa  conns  rdfdranea  pour  ddtarcinar  laa  troia  traitaanota  fp  P.  N*  valaura  oat  dtd  raa* 
paotlvauant  fixdQS  4  l4*/g3,  at  3(*/|2  pou**  las  dApartSt  14*/|2,  fi*/a2  at  24*/!^  pmir  laa  arrita* 
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CoimM  d«ni  1«  protocol*  Niv«*u»  l'*cc4l4r«tlon  on  platoou  4tait  oalntonut  pendant  20  ■«conda«« 

II  n’dtalt  paa  pratlqud  da  lancamant  da  ddmonatratlon  prdalablananC  2k  1 'application  dt  ea  protooola* 

I§SbS.S£.£SS!iBSS!.^.-!HJS£ 

La  t2cha  at  laa  conaljnaa  donndaa  aux  lujata  raatalant  Idantlquas  qual  qua  aolt  la  protocol** 

La  aujat  4talt  d'abord  famlltarlad  au  rapoa  avac  la  aaniaiMnt  du  laviar  da  conaunda  du  ayatina 
optlqua*  La  tioha  qui  lul  dtait  aaalenda  conalatalt  k  Indiquar  an  paraananca  la  diraetlon  da  I'horltontala 
ou  da  la  varticala  parqua  tout  au  long  du  lanoaaMnt.  II  davalt  aglr  aur  la  rapbra  lualnaux  orthogonal 

da  faqon  k  companaar  la  dlplioanant  angulaira  parqu  da  son  corps  par  rapport  aux  rdfdranoas  da  varticala 
at  d'horiaontala.  Laa  conalgnaa  donndaa  avant  chaqua  aaaal  prdolsaiant  qua  aaulslaa  owuvananta  angulalraa 
•urvanant  dam  la  plon  sagittal  du  corps  davaiant  itra  prla  an  conpta* 

Loa  aujata  raoavaiant  dgalsMnt  la  coneigna  da  notar  1 'apparition  da  ayaptSfliaa  da  clndtoaa  pan* 
dant  ou  ontra  laa  lancaaanta*  Las  aynptdnas  davaiant  dtra  rapportda  varbalsMnt  au  fur  at  k  nasura  da  laur 
apparition. 

La  critira  d'arrftt  iaipdratlf  da  I'axpdrlnantatlon  avait  dtd  prdalablamnt  ddflnl  ooma  I'apparl* 
tion  da  nauadtt  franchas  bmIb  d'lntanaltd  moddrda. 

A  I'laaua  da  chaquo  lancaaant *  11  dtait  daisandd  au  aujat  da  cosasantar  laa  aanaatlons  parquaa  at 
d'asaayar  da  prdclaar  loa  aynptftMaa  dvantuals  da  cin.itoaa* 

Loriqu'un  protocola  av«lt  ded  ooapldtd  ou  loraqu'un  aujat  avait  dauandd  I'arrdt  da  I'axpdrinanta* 
tioni  11  dtait  Iflnddlitaaant  proeddd  k  una  dvaluatton  du  olvaau  da  nalalaa*  Catta  dvaluation  portait  aur 
loa  syaptdBaa  aubjactlfa  (nauadasi  paaantaur  ou  inconfort  dplgaatriqua)  at  aur  laa  aynptdaaa  objaotlfa 
(pdlauti  auaur  ate***)* 

TraltOBMnt  das  donndaa 

Las  algnaux  acquis  aur  support  aagndtlqua  out  dtd  traltda  par  la  cantrs  da  ealoul.  Aprda  nuadrl- 
•ation  daa  bsndaa.laa  aignaux  ont  ded  traltda  aur  I'ordlnataur  IBM  370/3031  par  la  progravaa  PAH.PCM.FH. 

La  grapblquaga  das  donndaa  aur  tabla  UNSON  a  dtd  affaetud  k  I 'aids  du  pregrawM  GgAPH  2000* 


ECSULTATS 


Laa  iUuaions  da  ddplacaaiant  angulaira  parcuaa  pat  laa  aujati  aa  aont  rdvdldaa  trda  earaetdristi* 
quaa.  Lora  daa  aasaia  an  "X^'i  una  aanaatlon  da  baaeuio  coordonnda  du  corps  ddpaaaant  rarapant  90*i  sat  par* 
qua  k  I'arrie  comm  au  ddpart.  11  a'aglt  d'wna  baaculo  vara  I'avant  au  ddpart  at  vara  I'arrUra  k  I'arrit. 
Par  contrsi  lat  aanaatlons  ptrquas  lora  daa  asaais  an  **Z'*  aont  qualitatlvtaant  plus  ddsorlantantaa.  L'ana* 
lyaa  ddtaillda  concarnant  eas  lllutionaaat  prdaantda  par  aDlaura  (9). 

Las  rdsuitats  obesnus  dans  la  doMina  daa  clndtoaaa  ont  parpla  da  Juatlflar  "a  poatarlorl"  la 
rdpartltlon  salon  la  rdcaptlvitd  affactuda  "a  priori"  an  daux  groupas* 

La  groupa  da  aujata rdcaptib a  aapdrlakantilapant  ddpontrd  aa  sanalbilltd  aux  affata  daa  accdldrs* 
tiona  da  Coriolis  au  cantrifugauia* 

La  tablaau  1  rdauw  las  principaux  ayaptApaa  obaarvda  lora  daa  protooolaa  nivaaux  pour  laa  dlf- 
fdranta  aujats  du  groups  rdeaptif*  Tous  laa  sujata  da  ca  groups  out  dtd  plus  ou  aelna  advbraaant  affaetda 
par  laa  lancapanta  auccaaalfa*  On  nota  accaasoiraaant  qua  laa  lancaaONta  avac  la  factaur  da  eharga  talon 
I'axa  X  da  la  tita  (Mivaau  X)  aa  aont  aontrda  natcaaaat  ■oina  provocataura  qua  loraqua  la  aujat  a  la  tita 
radraaada  (Mivaau  Z),  Dana  cotta  damldra  configuration*  3  aujaia  aur  d  ont  attaint  la  critdra  d'arrdt  da 
1 'axpdrtpantotion  dda  la  troiaidpt  lancapant* 

Par  contra*  la  tablaau  II  pontra  clalropsnt  qua  laa  aujata  non  rdcaptifa  (k  I'axcaptlon  d'un) 
n'ont  dtd  affaetda  par  aucun  daa  protocol^c*  Laa  rdaultata  obaarvda  dans  la  protocol*  panto  aont  parfaita- 
pant  Idantlquaa  k  caux  daa  protocolta  nivaaux* 

A  partir  daa  donndaa  racuallliaa  k  I'aida  du  potanttopdtra  aolidaira  du  diapoaitif  optlqua*lai 
vjlaura  da  la  aanaatlon  da  ddplacapaoc  angulaira  du  corps  porquaa  lora  daa  ddparta  at  daa  arrita  da  la 
coBtrifugauaa*  ont  pu  Itra  ddicrmlndaa  pour  chaqua  aujat  at  cHaqua  laaeopaat* 

Laa  valaura  poyannaa  aalon  laa  diffdranta  protocolta*  traltapanta  at  groupaa*  aont  prdaantda* 
au  tablaau  III. 

L'axaosn  diracc  daa  valaura  poyannaa  awt  an  dvtdanca  d^aasas  Ipportantaa  diffdronca*  antra  au¬ 
jata  "A**  at  "n".  Toutafota  on  not*  dgalopant  qua  loa  valaura  d'dcarftypa  aont  gdndralaoant  dlavdta.  Cacl 
tra-^ulc  das  varlatlcma  lntar*individiialiaa  fortaa  k  lUntdriaur  daa  groupati  par  alllauru  da  faibla  affac* 
tlS*  31  ou  axaiaiua  las  doandaa  brutaa,  il  apparatt  capandant  un  fait  dvidant  i  tout  laa  aujata  du  groupa 
rdcapllf  pcrqoivant  daa  aansations  da  grand#  aMplltuda  aurtoot  lora  daa  arrdts  da  la  caotrifugaaaa* 


TABLEAU  I 
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KANICESTATIONS  DE  CIMETOSE  OBSEEVEES 
DAHS  LE  CROUPE  DES  SUJETS  RECEPTIF8. 

Frotocolii  "Nivaau" 


Condition 

SUJBTS 

PROTOOOI.E  X  N 

protOdole  z  m 

OATECORIE 

NoBbrt  di 

L*nc«mtnt 

r 

SymptSa** 

Mettbra  da 

Laucaaant 

SynptSaaa 

DUS . 

4 

N^tnt 

4 

Nauada  4-)- 

PalauT  ++ 

BdoapCtft. 

GOR . 

A 

Inconfort 
dplgAitrl- 
qut  -  luour 

.1* 

Hauada  4A4 
Suaura 

Palaur  -ff 

MAR......... 

4 

NAUadi  -f 
Palaura  + 
Suaura 

3* 

Mauada  -H-f 
Palaur  4-f 

CHA  . . 

4 

H4int 

4 

Ldgbraa  paaan- 
tauri  aplgaiti 
chalaur 

LEG . 

4 

Inoootort 
4pi|«ttrl- 
gua  -  nalaur 

3* 

Nauada-H- 

Paltur-H- 

8uaur++ 

. . 

4 

inconfort 

dplgaatriaua 

U|ar. 

4 

Ineonfort 

tplgaatrtqua 

—TOU* 

*  •  Arr(t  pour  aalaliot 


TABLEAU  II 

OIMETOSKB  OBSIBVI13  DAMS  U  OEOUPE 
DES  MM  lECIFTira 


V.  Condition 

PEOTOCOLE  X  N 

PROTOCOLS  Z  N 

CATSOOEIE 

SUJETS 

KogAra  da 

Lancaaant 

SyaptSaaa 

Moabra  da 

LancoMat 

SyapbtMi 

KtG . 

4 

Hdant 

4 

Mdant 

UAL . 

4 

- 

4 

- 

UJ . 

4 

- 

4 

- 

Hen  idcapttCa 

DUC . 

4 

- 

4 

- 

CLB . 

4 

• 

4 

^utia  4 

Palaur  4 
Suaura  4 

DOL . 

4 

- 

4 

Mdant 

_ 
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TABLEAU  III 

VALEUR  HOYEBNE  ET  EOARTS -TYPES  DES  AMPLITUDES  HAXIHALES  PERGUE8 
A  L'AREET  ET  AU  DEPART 

MR  I  Non  rAooptlfii  (6  iiujoto) 

R  1  Moaptifa  (6  cujets) 

X  Moyannt  (an  dagrAa) 

S  t  Eclvt  type 


*  -  Moyanno  lur  S  lujata. 


''"''"v^^^Oroupat  ■ 

DEPART 

ARRET 

FROTOOOLB 

CondltloBf^^ 

ExD^rlBtneala 

1*^ 

NR 

R 

MR 

R 

X  N 

X 

23,83 

33,10 

34,5 

59,67 

2 

s 

15,55 

25,13 

33,29 

27,29 

X  N, 

X 

25,83 

54,50 

30g83 

79,50 

X 

1 

s 

17,95 

18,35 

20. OS 

31,05 

NIVEAU 

t 

35,5 

53,00 

30.66 

81,00 

A 

a 

19,69 

22,58 

12,24 

38,57 

X 

23,33 

*41,40 

35,5 

*59,40 

z 

NIVIAU 

8 

10,94 

18,11 

17,18 

21,67 

z  N 

X 

36,00 

*50,20 

44,00 

*78,60 

8 

14,62 

27.,  19 

19, R3 

19,44 

X 

29,66 

*44,80 

47,75 

*76,20 

s 

20,61 

17,06 

7,15 

19,44 

p  1 

X 

23,67 

50,50 

21,17 

85,00 

FRNTI 

S 

17,14 

23,35 

13,89 

40,51 

P  2 

X 

26,67 

53,67 

24,17 

91,50 

8 

18,74 

23,64 

19,16 

31,84 

P  3 

X 

27,33 

47,33 

32,00 

93,17 

8 

17,14 

22,74 

28,11 

37,92 

La  rapriaantftlon  aaa  lapVttudaa  ■oyannaa  da  ddplaeaaant  parfuat  k  I'lrrlt  at  au  adpart,  talon 
laa  protocolaa  at  traltaaanta  (fig-  ltl)3)  paraat  da  aiaua  at  rtndrt  eoapta  da  la  natura  du  phAnoakna. 

La  {tgura  1  eonaldkra  laa  rdaultata  oktanua  avac  la  protocola  pantoi  Laa  dtux  groupaa  da  aujata 
apparalatant  tel  ela.traaaat  dlattneta  avaa  daa  taplltudaa  parfuta  baaucoup  plua  dlavdaa  pour  lot  aujata 
rdeaptltti  prlnclpalaatot  lota  daa  arrlta  da  la  eantrifugauaa.  tl  (aut  rappalar  qua  dana  oa  protoeala  la 
aujat  auhtt  I'augaantatton  du  faetaur  da  eharga  aalon  I'aaa  X  da  la  eSta.  La  altuatlon  n'aat  paa  ddao- 
rlantanta  at  laa  tanaatlona  da  ddplaeaaant  du  oerpa  aont  btan  ddflnlaa. 

Una  ydrle  da  taata  da  t  aanda  aur  laa  dtffdranta  traltaaonta  aontca  qu'tl  axlita  k  I'arrkt  una 
diffdranca  crka  algnlftcatlva  antra  laa  daun  groupaa  da  aujata.  Pour  laa  ddparta.  aaula  la  panta  Boyanua 
paaaa  la  taull  da  algnlftoatlon  da  S  I,  la  panta  fatbla  la  nanquant  da  trka  p.'i  (t  •  2, El  pour  10  ddl). 
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Loraquft  1 ' on  consld^re  lei  prolocolei  nlveeuxi  on  retrouve  les  mdmei  cerectArlitlquei  que  pour 
le  protocole  pente.  La  fi)|ura  2  pr^iente  lea  viteuri  Boyennea  obtanuai  avic  la  protocola  X  Nlvaau.  Ll 
auaali  11  axlata  dee  diff^raneai  Inpcrtantaa,  lurtout  lore  daa  arrlta  antra  laa  daux  groupaa  da  lujata. 

Cea  dlffdrancaa  ^  I'arrdt  da  la  cantrlfugauaa  aont  atatlatlquanant  algnlCicaCivii  your  lai  ni- 
vaaux  3  et  4g.  Pat  contra,  au  ddpart,  aaul  la  nlvaau  3  g  eat  algnlf leatlvaoant  dlffdrent  aalon  laa  groupaa 
au  rlaqua  S  7>. 

Caa  rdaultata  aont  dgalanant  obtanua,  quotqua  un  pau  notna  nata,  avao  laa  lancaaanta  an  configu¬ 
ration  2  (flg,3).  On  pant  Icl  paniar  qua  la  caractlra  parturhant  daa  lllualona  aanaorltllaa  pour  laa  au- 
Jata  rdeaptlfa  altlra  laur  capacity  1  ddcrlra  clalramant  laur  aanaatlon.  Oenaa  dam  la  caa  prdc4dant, 
aaula  laa  nlvaaux  3  at  4  g  aont  algnlflcatlvaunt  dlffdranta  antra  laa  daux  groupaa  k  I'arrtt.  Au  ddpart, 
on  na  nat  paa  an  dvldanca  da  dlffdranca  atatlatlqua. 

Dana  toui  laa  caa,  on  paut  notar  qua  laa  anplltudea  parquaa  au  ddpart  aont  nattaaMnt  Infdrlauraa 
pour  laa  daux  groupaa,  A  call*  da  I'arrdt.  Catta  donnda  pourralt  dtra  IntarprAtda  dana  la  aana  daa  rdaul- 
tata  obtanua  par  CUEDKY  at  BEHSON  (6),  Toutafola  laa  calcula  d'lntenaltd  da  la  atlaulation  pariaatttnt  da 
nnntrar  qua,  dana  noa  eondltlona  axpdrlnantalaa,  I'arrtt  at  la  ddpart  da  la  cantrlfugauaa  ont  una  dynanl- 
qa  dlfflcilaaiant  comparabla. 

DISCUSSION 


Laa  riaultata  obtanua  lora  da  la  prdaanta  dtuda  aont  k  rappcochar  daa  aatlaatlona  da  vltaaaa 
angulalra  poat-rotatolra ,rapportdaa  par  BBASON  pour  daux  groupaa  da  aujata  adlactlonnda  A  I'alda  d'un 
quaatlonnalra  aur  la  nal  daa  tranaporta  (IJ).  Four  dlffirantaa  liepulalona  da  vltaaaa,  la  groupa  da  aujata 
rdeaptlfa  nontrait  una  "rdponaa  aanaorlalla  au-daaiua  du  aaull"  algnlflcatlvamant  plua  dlavda  qua  la  grou¬ 
pa  daa  non- rdeaptlfa. 

Dana  notra  axpdrlnantatlon,  e'aat  I'anplltuda  d'una  aanaatlon  llluaolra  Indultc  par  laa  accdldra- 
tlona  da  Corlolla  qul  aat  prlaa  an  eonalddratlon, 

Toutafola  at  I'on  oonaldAra  dgalanant  la  tanpa  d'dtabllaaanant  au  naxlauin  da  I'lllualon,  on  paut 
aa  randra  ooapta  qua  la  "vltaaaa  auiyanna  d'dtabllaaaaMnt"att  dgalUMnt  plua  dlavda  chas  laa  rdeaptlfa  que 
ehai  laa  non-rdcaptlfa, 

Ca  typa  d'dtuda,  oA  laa  varlablaa  dtudldaa  raprdaantant  I'lnaga  cantrala  da  la  atlaulation  vaatl- 
bulalra,  dttfAra  aanalbtaaant  daa  tachnlquaa  da  cupulonAtrta. 

En  affat,  conn  la  aoullgna  REASON  11  a'aglt  d'una  raprdaantaClon  du  codaga  narvaux  da  I'lntan- 
altd  da  la  atlaulation,  alora  qua  la  eupulogranna  rapoaa  nur  una  notion  da  tanpa, 

Lu  falbla  affaotlf  da  la  population  dtudldo  dolt  capandant  Ineltar  A  la  ptudanoa.  La  clalVa  dd- 
aonatratlon  falta  par  DOBIE  (5),  A  I'alda  d'una  grande  population,  da  I'abaanca  da  oorrdlatlon  antrl  la 
cupulograaa*  at  la  auacaptlbllltd  au  nal  daa  tranaporta  na  dolt  paa  Stra  pardua  da  vua.  ' 

II  axlata  da  plua  daa  dlfflcultda  Inhdrantaa  A  I'aatlaatlon  aubjaotlva  da  I'anplltuda  d'un  ddpla- 
canant  angulalra.  CUEDRY  (7)  a  trAa  elalraaant  loullgnd  caa  problAaaa.  Laa  conilgnaa  donndaa  au  aujat  na 
portalant,  an  fait,  paa  aur  I'anplltuda  du  ddplacaaant  du  corpa.  C'aat  la  dlractlon  da  vartleala  parqua 
qua  la  lujet  davalt  Indlquar.  Dana  eartalnaa  lllualona  da  nouvanant,  on  concarva,  an  affat,  una  notion 
ralatlvaaant  blan  ddflnla  da  la  dlractlon  du  "haut"  at  du  "baa"  (10).  L'axpdrlanoa  a  aontrd  qua  al  catta 
aatlautlon  du  haut  dtalt  ralatlvaiMnt  alada  dana  la  configuration  "X",  alia  davlant  baaucoup  plua  dltflclla, 
aurtout  lora  daa  arrtti  an  "2". 


Oa  talt,rapprachd  da  I'lncldanca  forta  daa  elndtoaaa  dam  catta  darnlAra  poaltlon  n'aat,an  aol, 
paa  aurpranant.  II  aat  blan  connu  dapula  laa  travaux  da  KANMINC  at  STEWART,  conflrnda  par  da  noabraux  au- 
taura,  qua  I'apparltlon  daa  aynptSnaa  da  clndtoaa  aat  ddpandanta  da  I'orlantatlon  du  aujat  par  rapport  A 
la  atlaulation. 


Da  ataa,  BENSON,  a  dtudld  dapula  longtaapa  I'affat  da  I'orlantatlon  du  vaetaur  gravltd  aur  laa 
rdponaaa  poat-rotatolraa  obtanua#  pour  dlffdranta  axaa  (1). 


Dana  notra  caa,  11  faut  dgalanant  tanlr  conpta  d'un  faetaur  eoapldnantalra,  qul  aat  la  variation 
da  I'lntanaltd  du  vaetaur  gravltalra  appllqud,  aana  qua  aa  dlractlon  aolt  aodlflda, 

Vu  aoua  I'angla  da  I'lntdgrntlon  aultl-aanaorialla  (IS)  on  aat  done  tantd  da  panaar  qua  la  atl- 
iMlatton  utrlculalra  qul  aa  prodult  loraqua  In  aujat  aat  an  poaltlon  couchda  (X),  partlclpa  A  I'attdnua- 
tlon  daa  ayapttaMa  at  au  caractAra  pau  ddaorlantant  daa  lllualona. 


II  faut  alora  faira  I'hypothAaa  qua  la  atiawlatlon  caualatra  llda  aux  accdldratlona  da  Corlolla 
aat  Idantlqua  dana  laa  daux  conflguratlona. 


flnUlTUDE 


mlTUDE 


tiiauie.l 

AmplUudaa  moyennas  perc;ueB  au  ddpairt 
at  li  I'arrtt  pour  le  protocola  "pente" 
(I'dcart  type  eat  Tlgur^  unlquenent 
pour  lea  arrAte) . 


Amplitudes  moyennea  perguea  au  ddpart  at 
k  I'arrAt  pour  le  protocole  "X  niveau" 
(I'Aoart  type  eat  FigurA  unlquament  pour 
lea  irrAta). 

miTUDE 


0E6 


Flgure^J 

AMplltudea  moyennea  perguea  au  dipart  et 
I'arrAt  pour  le  protocola  "Z  niveau" 

(I'Acact  type  eat  Flgurd  unlquament  pour  lea  arrAte) 
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D'un  autre  cdtA,  11  feut  4galenent  remerquer  que  loreque  Ic  lujec  eit  en  poeltlon  "Z",  eeule  le 
nacule  laceulalrt  eet  itiauUe  par  let  variation*  du  faetaur  d*  chare*  aiioolia*  k  I'affat  do  I'acciUri- 
tlon  dt  Corloll*  lur  1**  canaux.  Dan*  ce  e**,  1*  eontanu  infonutiC  du  m**a|*  ••n*orl*l  afferent  **t  pro- 
b*bl*BMnt  dlffdrant  d*  celul  qul  eat  prodult  par  1*  double  atlaulatlon  utrlculalr*  at  aaoculalra  an  "X" 

Quel*  quo  aolent  la*  ndcanlim**  lapltqud*  1  I'arlgin*  da*  phdnoadna*  obiarvdi,  11  *it  util*  da 
ohercher  k  comprandr*  coBmant  pauvant  a'lntdirar  o**  rdaultat*  dan*  la*  aedblaa  eoncaptual*  du  aal  do* 
traneportii  L*  nedil*  propoad  par  OMAN  (HI  fait  1*  lien  *ntr*  la*  Bodblaa  d'orlentatlon  ipatlal*  *t 
caux  eupportant  1*  "Thiorl*  d**  Oonflita".  11  *(t  A  o*  tltr*  p*rtleullAr*Mnt  Intdcoaaant.  Cat  autaur  die- 
tlngu*  troi*  point*  old*  pouvant  Influancar  I'lnportane*  da*  oonflita  iantorlal*  at  l*ur  traduotlon  lou* 
fora*  d*  olndtoia*.  Oa*  point*  old*  *ont  reapaetlvaBontt  1*  "tain"  dea  oaptour*  (utrle*  S),  un*  Batrlo*  K 
roprdaentant  1*  "aodblt  dan*  1*  aodbl*"  at  antln  un*  matrioa  T  raprdaantant  1*  aanelbllitd  du  eujat  *ux 
confllt* . 


D'una  manldr*  ou  d'un*  autr*.  *1  I'on  prand  an  confit*  no*  rdaultatii  l*i  oo*(flel*nt*  del  natrl* 
ca*  ponddrant  1*  variable  d'dtat  (aatlnd  d'orlentatlon)  at  caux  rdglant  1*  lanalbllltd  au  confllt  (natrlc* 
T)  doivant  a*  trouvar  lldt> 

CONCLUSION 

La*  rdpon***  oonoarnant  1**  anplltudai  perput*  d*  ddplaoawnt  angulalrat  lor*  da*  ddparta  at  d*t 
arrtt*  da  e*ntrlfug*ua*i  dlf (brant  landblaMnC  lalon  la  aanilbllltd  au  aal  da*  traniport*  du  group*  d* 
aujat*  dtudldi  C**  aaplltud**,  dvalud**  par  un  jugeaont  d'orlentatlon  d*  la  vartloal*  par  rapport  au 
oorpii  aont  baaueoup  plu*  laportantat  dan*  1*  group*  d*  aujata  olaaad*  "gdo*ptl(*"> 

En  (onotlon  d*  1 'orlantatlon  du  faotaur  d*  eharg*  at  du  protocol*  d'aaaal,  oa*  rdaultat*  aont 
ratrouvd*  plu*  ou  noln*  n*tt*B*nt|  oat*  d'un*  oanldr*  oonatant*.  L*a  variation*  d*  I'orlootatton  du  faotaur 
d*  charga  par  rapport  au  lujat  jnuent  conalddrablamint  *ur  I'apparitlon  da*  ayaptSaa*  d*  olndto**>  La  con¬ 
tribution  utrloulalra  aux  earaotdrlatlqu**  i*u  ddaodantantaa  dad  lllualon*  at  A  1*  falbl*  Inoldane*  d*  ci- 
ndtoa*  dam  1*  poaltlon  couohd*  (X)  *at  hautaoant  probabl*. 

D'un*  manlAr*  gdndral*,  11  aaablt  qua  1*  (yatAa*  d'orlentatlon  apatlal*  d*i  eujat*  non  rdooptlf* 
•olt  plu*  A  ala*  de  "flltrar"  la*  aaiiagai  aanaorltl*  daetlnd*  aux  eontra*  narvaux  tupdrl*ur(> 

Cano*ptu*ll*a*nti  11  eoabl*  done  axlitar  un  linn  nntr*  I'laog*  cantral*  d*  I'intanaltd  du  aouvn- 
unt  lllutolr*  at  la  aanilbllltd  *ux  confute  gdndratauri  d*  a*l  d*i  tranaporti> 

In  pratlqu*)  li*  atruoturia  qul  pouvaUnt  rindr*  ooapta  d*  e*  typ*  d'lntaractlem  lent  oneor*  loin 
d'ttr*  Identlfidii  it  o*ll*i-oi  raitint  done  ttAi  hypothdtlquii. 

Di  pluii  *1  1*1  oblirvatloni  rdallidai  au  oouri  da  oitto  dtudi  piuvint  prdaintar  un  Intdrdt  d*ni 
la  ooaprdhinalon  di*  odcanliaai  rdgliiant  1*  luieaptlbllitd  aux  elndtoiii>  liur  portd*  pratlqu*  an  netlAri 
d*  prddletlon  raita  filbla. 
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puqmoM 

NOMRi  Did  you  by  aay  ohaaea  apply  this  tost  to  tho  Froneb  cosnonaut.  If  so,  what  sort  of 
rotulta  did  ha  tbovi 

LKBi  An  axporiaant  vat  doaignad  to  aao  vhat  kind  of  offoet  toelioiag  a  pilot  whan  auataiaing  o 
loads  mould  taavo  a^  ms  just  busipod  into  this  affoot  in  ausosptibla  and  nea-suseaptlbla  subjaeta. 

SDSDEYi  Tha  tasultant  fetes  was  baing  aligned  with  tha  E  axis  of  tha  subjaet,  is  that  it,  and 
during  daoolaratlon  tha  aubjaet  was  than  sotting  tha  Tortical  or  borisontalT 

LEOBt  Tho  aubjaet  was  through  tha  start,  seealaration,  and  tha  atop  suppeas  to  constantly  align 
tha  target  lights  with  tho  horiaontal  and  vortical, 

OMAHi  You  prassntad  data  for  tha  two  different  populationa,  tha  rasaptivs  tod  non-raoaptiva. 
For  an  individual  subject  how  eonsistoat  vara  hie  magnitude  aatimataa  and  was  thara  aay  lasmiv  sf~ 
factf  / 

LKIRi  Ha  took  a  grant  daal  of  abtantien  to  avoid  erdar  alfaets,  Tha  auaoaptibla  subjects  all 
anhibit,  aapaeiallj  at  tha  start,  very  large  diaplaeam^ta. 

OiUli  1  guess  what  I'm  raally  asking  is  does  a  auseaptibla  subjaet  always  show  a  vary  largo  nag- 
nitttda  astUataf  Mow  mush  of  your  ovarall  variances  la  duo  to  tha  diftaraness  batvaan  subjaeta  versus 
tha  variability  within  an  individual  subjoctf 

mnii  Tas,  tha  same  subject  usually  has  vary  eeasistant  pattama.  Ismatimaa  you  gat  aoma  tuo- 
eaptibla  subjaeta  with  ssmII  raspoaeaa  at  the  start  but  whan  they  are  vary  auacoptibla  they  are  large 
at  tha  start. 
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PRErLIGUT  AMD  POSTPLIOHT  MOTION  SICKNESS  TESTING  OF  THE  SPACBUB  1  CSEH 

'>y 

K.E.  Honay^,  D.O.  Hatt^,  and  C.H.  Oaan^ 

^Dafanoa  and  Civil  Initltuta  of  Envlronaantal  Madlclna,  Doanavlawi  Ontaclot  Canada  MSN  3B9 
Currantly  at  tha  National  Aaronautlcal  Eatabllahaant)  N>R;C.,  Ottawa 
^Dapaxtaant  of  Phyalology,  NcOlll  Unlvaralty.  Hontraali  quabae.  Canada  H3C  1Y6 
^Dapartnant  of  Aaronautlca  and  Aatronautleat  MIT,  Caabrldga,  Maaaaohuaatta,  U.S.A>  02139 


SUHHAXY 

Tha  four  Spacalab  1  payload  craw  aanbata,  as  axparlaantal  aubjaeta,  wara  axpoaad  to  a  variety  of 
notion  alcknaaa  taata.  Contrary  to  aapaetatlon,  tha  craw  Mabar  who  was  aoSt  auacaptlbla  to  thaaa  taata 
was  tha  least  auacaptlbla  to  apace  aotlon  alcknaaa,  ai^  tha  craw  MBbar  who  was  Boat  auacaptlbla  to 
apace  notion  alcknaaa  waa  one  of  tha  laaat  auacaptlbla  to  thaaa  taata.  On  tha  third  day  after  returning 
fron  tha  nlaalon,  one  of  tha  prafllght  taata  (KC  13S)  was  rapaatad,  and  all  of  tha  craw  nsabara  wara 
found  to  be  non'^uaeeptlbla •  Statananta  of  genaralltlaa  will  hava  to  wait  for  tha  aocuaulatlon  of  nora 
axparlnantal  aubjaeta. 


INTRODUCTION 

In  ordar  to  Inertaae  undaratandlng  of  apace  notion  slcknasa  (1),  the  auaoaptlblllty  to  notion 
alcknaaa  in  tha  four  Spacalab  1  payload  craw  nanbaxa  waa  naaaurad  using  a  variety  of  notion  atlnull  on 
Earth  and  In  aircraft.  It  waa  thought  that  a  conparlaon  of  suseaptlblllty  to  thaaa  atlnull  with 
auacaptlblllty  to  the  atlnulua  of  apacafllght  night  ravaal  aonathlng  about  tha  nature  of  apaoa  alcknaas 
and  night  avan  suggaat  a  technique  for  predicting  auacaptlblllty  to  apaea  alcknaaa  or  a  tachnlqua  for 
affactlva  prahabltuatlon,  (In  thla  context,  tha  tarn  ‘’prahabltuatlon*  ref  art  to  the  acquisition  of 
adaptive  raalatanca,  by  repetitive  axpoaura  to  a  notion  atlnulua  on  Earth,  with  raaultliqi  raalatanca  to 
space  alcknaaa,) 

In  ganaral,  it  waa  axpactad  that  "Subjacta  who  show  conalatantly  low  auscaptlblllty  to  notion  alek- 
naaa  In  tha  full  range  of  provocative  tests  x,"  (2)  would  tend  to  show  low  auacaptlblllty  to  apses 
notion  alcknaas  alio, 

PROCEDURES 

All  four  payload  craw  nanbara  warr  axpoaed  to  all  of  four  different  fomal  tests  of  auacaptlblllty 
prafllght,  and  thalr  cuaoaptlbllltlaa  wara  also  aaiasaad  by  two  additional  Infomal  tests  airl  by  thalr 
raaponaas  to  a  quaitlonnalra,  Thalr  auacaptlblllty  to  space  notion  alcknaas  was  aasasaad  during,  tha 
nlaalon,  and  one  additlinsl  tail  of  auacaptlblllty  was  also  parfomad  shortly  after  landing  frea  tha 
nlaalon, 

1,  Tha  Space  Sled  Slnulatori 

Tha  aubjaot  waa  In  a  aaatad  position  In  an  ancloaura  on  a  sled  that  novad  along  rails  (Figura  1), 
Tha  novananc  waa  uselllatory  so  that  'tha  subjact  was  aooalaratad  from  aids-to-slda  (along  hla  T  axis) 
slnuaoldslly  at  0,2  Hi  with  a  pask  aecalsrstlon  of  0,'t3S  0,  The  lubjact  was  Ulndfoldad  and  uaad  a  Joy 
stick  to  Indicate  hla  psreaptlon  of  tha  tied 'a  velocity,  Ha  sbstalnad  fron  alcohol  or  ralavant  drug 
Ingastlon  for  tha  2A  hours  pracading  tha  test,  and  ha  was  instruetad  to  desorlba  verbally  any  aynptona 
axparlancsd  and  to  call  tha  teat  to  a  halt  whan  ha  axparlanead  alight  but  unsqulvooal  nauaaa.  If  tha 
aubjaot  did  not  raacli  that  level  of  alcknaaa  and  did  not  halt  tha  teat.  It  was  stopped  after  an  arbi¬ 
trary  naxlnun  tlM  of  10  nlnutas.  After  stopping,  tha  subject's  nauaaa,  pallor,  swsatlw  ate,  wara 
recorded  and  the  dagcaa  of  alcknaaa  was  aatlnatad  according  to  the  scale  of  Urayblel  et  a^,  (3). 


Figura  1 


The  Spata  Slad  llnalator,  DCtEN  Taranto. 


.13' 2 


2.  The  Pfclt.ion  Angul«r  Movr  (PAM); 

The  eubjaet  wee  restrained  In  e  eeeted  position  In  a  clossd  cspsuls  (Flgurs  2}  end  he  ues  rotated 
at  20  rpn  about  an  Barth-horleontal  axis  that  pssaad  through  hla  head's  Y  axis;  that  la,  ha  was  tumbled 
hnad-ovar-heela  (4),  The  inetruotlona  for  the  subject  regarding  the  end  point  atc<,  and  the  scoring  of 
the  sickness,  were  the  same  as  for  the  Specs  Sled  Simulator  test  (above)  except  that  the  subject 
contlnuoualy  counted  out  loud,  backwards  by  twos  from  IQOO  (thla  provided  "alartlng"  and  vaa  also  an 
Indicator  of  the  subject's  wsll-balng).  During  the  rotation  the  subject  kapt  hla  ayes  open  and  viewed 
the  Inside  of  the  rotating  capsule  (stablllaad  vision,  (4)). 


Figure  2.  the  Fraclalon  Angular  Mover,  OCIKH  Toronto. 


3.  Ingestion  of  Deuterium  Oxide i 

The  subject  drank  2  sd.  of  dautatluo  or<ldo  par  kg  of  body  weight,  and  than  ley  supine  for  IS 
minutes.  At  13  mlnutea  ha  easumad  a  (1)  let t'slda-down  orlantetlon,  at  25  minutes  (11)  rlght-elds-down 
orientation,  at  33  minutes  (111)  supine,  at  43  mlnutas  (Iv)  left'-slda'^own,  at  55  minutes  (v)  rlght- 
alda-down,  at  65  sdnutae  (vl)  sitting  upright,  end  than  starting  at  75  mlnutas,  with  ehangsa  every  10 
mlnutee  as  before,  tha  orlantetlon  sacuenca  (1)  to  (vl),  above,  was  tapaatad.  At  the  and  of  each 
orientation  period,  tha  dagrsv.  ot  “motion  alcknaes"  was  estimated  according  to  tha  seals  of  Grayblel  ^ 
a^.  (3).  Tha  Instructioiia  to  the  subject  regarding  alcohol,  drugs,  tha  and  point  etc.  vara  tha  sama  as 
for  ths  Space  Slad  Simulator  teat  (above),  except  that  the  sclmului  was  halted  by  maintaining  an  upright 
posture. 

4,  Head  Movements  During  "Zero  g“  Parabolas l 

Thaas  flights  era  known  to  ba  provocative  of  motion  sickness  (5).  In  praparctlon  for  thsea  formal 
teats  In  April  1983,  tha  subjects  had  refrained  from  flying  saro  g  parabolae  for  tha  previous  three 
months.  They  ware  reatralnad  only  by  a  locked  but  loose  lap  strap  In  a  east  In  NASA's  KC  135  aircraft 
(Figure  3).  The  aircraft  flaw  20  coneacutlve  "parabolas”  such  that  parloda  of  near  walghtlaaanaaa  of 
spproxlmstaly  25  saconda  wsro  achieved  (Figure  4).  In  fact  tha  aircraft  followed  a  fraa-fall  trajactory 
and  can  only  ba  said  to  be  flying  an  alllpsold  (M.  Lampton,  personal  communication).  Howavar,  ths 
flight  path  la  at  least  elallar  to  a  parabola,  and  since  ths  tars  “parabola”  Is  In  eomaon  use  In  thla 
context.  It  will  continue  to  be  used  hare. 


Figure  3.  HASA'e  KC  135  aircraft 
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Flgur*  4i  night  plith  of  KC  133  aircraft  In  producing  (Mlghtlaiinaia > 


During  each  23-iaoond  walghtlatl  patledi  atartlng  with  tha  flrat  auch  parlodi  the  cubjaet  hung  onto 
the  am  roatc  with  tha  handa  only>  elbow  out,  tod  faat  on  tha  floor)  and  with  tyti  optn  ha  aadt  hand 
laovananta  In  tlm  with  audio  algnalt  froa  a  tape  racordar  (baapi  avary  U3  aaconda))  touching  hla  head 
to  tha  aaat'a  head  raat,  than  to  hla  knaaai  tha  head  taat)  ate.,  with  a  coaplata  oyela  of  thaaa  nodding 
aovcMota  every  3  aaconda  •  The  head  aovewnta  eontlouad  only  for  the  duration  of  each  walghtleaa 
period,  and  during  tha  hypargravlty  parta  of  tha  flight,  tha  aubjact  kept  tha  head  upright  and  aotlon- 
laaa.  The  degraa  of  notion  aleknaaa  waa  acored  according  to  tha  technique  of  Orayblal  at  al •  (3)  attar 
each  paratelai 

In  thla  teat,  the  aubjact  atoppad  aaklng  head  aMvaaanta  at  a  nlldar  and  point,  aplgaatrlc  dla- 
oonfort  (before  naunaa),  becauaa  the  flight  contlnuad  in  aplta  of  aotlon  alckneaa  ao  that  tha  provoca*' 
tlon  could  not  be  coaplataly  atopped  by  any  Individual  who  began  to  auffar  early  In  tha  flight)  Thla  KO 
135  teat  waa  alao  repaatad  with  tha  ^yload  craw  on  tha  third  day  after  returning  fron  tha  Opaealab  1 
flight,  to  aae  whether  tha  apaca  flight  would  have  an  Influanca  on  the  auaoaptlblllty  to  tha  taat> 

3,  Mlacallanaoua  Activity  Purina  "faro  a"  Parabolaat 

In  addition  to  the  above  four  foraal  taata  of  auaoapclbtllty,  racorda  ware  kapt  of  the  crew 
Mubara'  auaceptlbllltlea  on  an  earlier  KC  135  flight  (Hatch  1979)  for  U-raflax  taattng,  elrcularvaetlon 
teatlng,  and  “l-loatlng  fanlllarlaatlon"  during  the  aaaa  parabolic  nano>  uvrea.  On  ooa  auch  flight  for 
each  aubjact,  If  tha  aubjact  did  not  reach  tha  laval  of  “atowaoh  awaranaaa''  In  tha  couraa  of  hla  other 
actlvltlaa,  chan  ha  aada  tha  ataraotypad  head  novaaanta  until  that  laval  waa  raaohad  or  until  13  para¬ 
bolae  of  ataraotypad  head  Myaaenta  had  bean  conplatad.  lu  preparation  for  thaaa  'nlacallaneoua" 
fllghta,  aona  of  tha  aubjaeca  ware  pamltted  to  taka  antlnotlon  aleknaaa  dniga.  Thaaa  XO  133  fllghea 
ware  nada  four  yeara  before  ti«  forwl  aero  g  parabolic  taata  (without  druga)  deaorlbad  In  frooadura  4, 

6,  Kavaralna  Prlanai 

Hotlon  aleknaaa  algna  and  ayaptoM  ware  alao  recorded  during  head  novananta  while  wearing 
laft-rlght  revaraing  prlana,  a  procedure  aaployad  to  allow  tha  aubjacta  to  baeoaa  notion  alok  alowly  for 
tha  purpoae  of  allowing  each  Individual  to  obaarva  at  lalaura  hla  own  buildup  of  aynptona  and  hla  own 
recovery  when  aotlonlaaa,  Tha  wovaaenta  Mda  vara  not  atandardlaad,  and  aaeh  aubjact  daoldad  for 
hlaaalf  how  auch  walking  and  how  auch  head  aovlng  to  do>  Tha  dograa  of  alckneaa  axperlanoad  waa 
recordad, 

7.  Queatlonnalrai 

Tha  craw  aaabera  alao  eoaplatad  quaoCloanalrea  that  Indicated  thalr  other  aaparlanoaa  with  aotlon 
cloknaaa,  froa  childhood  to  tha  praaaat) 

a.  Motion  gleknaaa  Durlni  Bnaca  flight i 

Tha  axparlanoaa  with  aotlon  aleknaaa  during  tha  fpaealab  1  flight  ware  carefully  aanltorad, 
raeordad,  and  aaaeaaad> 
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9.  Head  Moveaianta  During  "Zero  g"  P«r«bol««  —  *tt«r  the  Minion; 

On  the  third  day  after  landing  from  the  Spacalab  1  mission,  the  four  crew  members  were  tested  again 
In  the  KC  13S  aircraft  as  described  In  Proeadura  4  (20  parabolas  with  ataraotypad  haad  aovamants  during 
the  waightlaas  periods)-  This  was  dona  Co  dataralne  whechar  tha  10  days  of  vsightlaaanasa  had 
Influancad  susceptibility  to  aotion  sicknaas  from  this  stimulus- 

RESULTS 


1-  The  Space  Sled  Sinulatori 

None  of  tha  four  subjects  showsd  any  signs  or  raportad  any  synptoaa  of  motion  sicknaas  in  rasponsa 
to  this  stimulus-  This  atlmulus  oust  therefore  be  consldarad  Insufficiently  pcovocatlva  (subthrsshold) 
for  thasa  four  subjsets-  Three  other  payload,  apaclallatst  who  wars  similarly  candidates  for  the 
Spacalab  1  flight  assignments,  wars  also  tasted  at  tha  sama  tine,  and  two  of  thasa  three  did  report  mild 
but  definite  eymptons  on  the  alad-  Navarthalass,  fox  purposes  of  ravaaling  dlffsrancas  batwean  the  four 
who  flew  on  Spacalab  1,  the  test  was  not  ravealing- 

2-  The  Precision  Angular  Mover  (PdM)i 

This  test  was  inpoaad  on  Che  aubjaeta  twicai  in  Fabruary  1979  and  in  4pril  1963-  The  aavarlty  of 
tha  rasultlng  sicknaas  was  axpreasad  in  total  “Grnyblal  points"  (3)  par  mlnuta  of  stimulus,  since  a 
subject  who  reached  a  given  level  of  sicknaas  in  a  shorter  tint  was  consldarad  to  be  mors  suscaptitala 
than  a  subject  who  reached  tha  asms  level  of  slcktiass  but  raqulrad  a  longer  tins  to  do  so-  Tha  rasulta 
are  indicated  in  Table  1- 


Table  1-  Savarlty  of  sicknaas  in  rasponsa  to  hoiisontal  axis  rotation 
on  tha  PAM,  "Qraybial  points"  par  mlnuta- 


Subject 

Feb  79 

April 

A 

1-6 

0-9 

B 

0-2 

0-2 

C 

0-6 

0-S 

0 

2-0 

1-8 

3-  Ingaation  of  Deuterium  Oxide i 


Mona  of  tha  three  aubjaeta  who  took  this  teat  ahowad  any  signs  or  raportad  any  ayaptoaa  of  aotion 
aioknaaa  in  casponaa  to  this  stlsMlus-  As  with  tha  tpaoa  tied  simulator,  this  haavy  water  atimulut  inust 
ba  eonsldacad  inauftielantly  provocative  (aubthrsshold)  for  thasa  subjects,  although  previous  Issa- 
pravooatlvs  haavy  water  tests  (6)  on  tan  normkl  subjacts  rasultsd  in  six  who  did  auftar  sicknaas-  Of 
tha  Sevan  payload  crawnambara  who  vara  offarsd  this  test,  three  daollnad  to  volunteer  for  it,  and  ons  of 
thasa  thraa  (Subject  C)  was  aaalgnad  to  tha  mission  so  that  only  thraa  of  tha  four  SL  1  ersw  ware 
tastad-  Tha  fourth  payload  spsciallat  who  took  this  taat  (but  did  not  fly  on  SL  1),  Subject  L,  did  show 
dafinita  aotion  sicknaas  signs,  and  raportad  dsfinlta  symptoms,  as  a  result-  tha  heavy  watar 
positional  nystagmus  was  rated  modsrsta  in  Subject  A,  strong  in  Subject  B,  strong  in  Subjsct  D,  anl  vary 
strong  in  Suojaet  L- 

4.  Haad  Movaaants  During  "Zero  g"  Parabolaet 

For  theas  formal  tests  in  tha  KC  133,  in  Harch/Aprll  1983,  the  subjects  wars  requested  to  abstain 
from  any  alcohol  consumption  or  relevant  drug  ingaation  for  the  previous  24  hours-  All  subjacts 
obrsrvad  the  drug  raetrictlon,  but  they  all  failad  to  rscelvs  tha  request  regarding  alcohol  rastrlction 
and  all  repotted  ludast  alcohol  consumption  during  tha  previous  svanlng-  Subjects  A  and  B  coaplstad  tha 
full  20  parabolas  with  haad  aovamants  and  had  aassntially  no  signs  or  symptoms-  Subject  C  complatad  tha 
full  20  parabolaa  with  head  aovamants  and  raportad  no  symptoms  but  showsd  soma  slight  sweating  after  tha 
20Ch  parabola-  Subject  O  showed  signs  and  reported  sympcons  as  follows  (signs  and  aymptona  wars 
unchanged  for  aubssqusnt  parabolaa  unless  indleacad)i 


Parabolas  1  to  4t 
Si 
Si 
lOi 
111 
13i 
ISi 

16i 

201 


no  signs  or  syaptoma 

poaslbla  Inr.raasad  aallvstlon 

cold  svaatlng  1,  pallor  I,  salivation  1 

flatulanea  at  that  tiaw  only 

facial  pallor  inersassd  to  Isvsl  2  (modarats) 

mild  apigaatric  awarsnass 

pallnr  lasasnad  to  laval  1,  aallvstlon  ravertad  to  normal 
flatulanos  at  Chat  tins  only 

splgaatric  awaranass  gone-  cold  awaating  gone,  but  pallor 


still  present 


Tha  rslatlvs  suscaptibilitlas  to  those  tests,  in  order  of  dacrassaing  susceptibility,  was  judged  to 
ba  DCAB- 


3-  Hlscallansous  Activity  Purina  "Eero  a“  Patsbolasi 

Thasa  flights  took  place  on  Tuesday  13  March  1979  (one  flight,  40  parabolas)  and  on  Prlday  16  March 
1979  (morning  trip  60  psrnbolaa,  afternoon  trip  40  parabolas)- 

lubjaet  Ai  (hi  the  March  13th  flight  this  subject  was  waaring  tha  Tranadsra  Scop  scopolamine  anti- 
motion  sicknaas  akin  patch,  Ha  coaplstad  tha  40  parabolas  of  other  aotiyltisa  without  any  motion  sick- 
nasa,  sod  did  no  ststaotypad  hand  movaasnts-  For  tha  March  16th  flights  ha  took  oral  soopolaaina/ 


dexadrlna  and  again  auffated  no  motion  aioknaaa,  tvan  after  doing  IS  parabolaa  of  ateraotypad  head  mova'- 
menta  on  tha  morning  fllghta.  Qurlng  the  afternoon  flight  he  aufferad  a  faint  headache  thet  could  have 
bean  related  to  the  motion  expeciencedi 

Subject  Bi  Thla  lubjact  uaad  no  druga  for  any  of  that#  fllghta.  On  the  March  13th  flight  he 
experienced  aone  atoaach  awaranaaa  briefly,  a  little  burping  and  “alight  flatulence'.  On  the  March  16th 
morning  flight  ha  experienced  only  aome  belchaa,  and  hla  ateraotypad  head  aovamanta  on  that  flight 
alicltad  only  tuo  more  belchaa.  On  the  March  16th  afternoon  flight  he  expeclancad  no  motion  aickneaa. 

Subject  Ct  Thia  aubject  uaed  no  druga  for  any  of  thaoe  fllghta.  Ha  reported  no  motion  aickneaa  on 
the  March  13th  flight  or  on  the  March  16th  morning  flight,  end  on  the  March  16th  afternoon  flight  he 
reported  only  e  atomech  awarenaaa  that  waa  not  changed  by  the  ateraotypad  head  movemanta. 

Subject  Dt  Thla  aubject  took  oral  aoopolamlne/dexadrlne  before  the  March  iSth  flight  end  before 
the  March  16ch  afternoon  flight,  but  no  drug  before  the  March  16th  morning  flight.  On  the  March  13th 
flight  he  reported  no  motion  alcitneae.  (hi  the  March  16th  morning  flight,  ha  woa  noticeably  Inactive  for 
many  parabolaa  and  ha  reported  etonach  awurenaae  before  atertlng  hla  ateraotypad  head  movananta  on  the 
forty-ftrat  parabola.  He  vomited  after  only  three  of  the  head  movamanta  during  that  parabola  (parabola 
41).  On  the  March  16th  afternoon  flight,  after  taking  ecop/dex  at  noon,  he  volunteared  to  do  the  head 
movemonta  again  and  conpletad  15  full  parabolaa  of  (amallar  then  atandard)  head  movemanta  ulthout  any 
alckneat. 

The  relative  euaoeptlblllty  ahoun  on  thaaa  three  fllghta.  vaa  judged  to  he,  In  order  of  daereaalng 
auaceptlblllty,  DBC(A).  Subject  A  la  bracketed  beceuae  no  maeoure  of  hla  auaceptlbllity  mlthout  druga 
waa  obtained  at  thia  time. 

6.  Reveraing  Prlanai 

It  wna  difficult  to  aaaeaa  auacaptibllity  to  thla  atlmulua.  alnea  the  aubjeota  ware  free  to  walk 
and  make  haad  movemanta  at  rataa  and  frequeneiaa  of  their  own  ehooalng.  However,  the  algna  and  aymptoma 
ware  recorded  aa  thay  occurred,  end  the  obaervera  formed  a  eubjeotlva  Impreaalon  of  how  much  activity 
waa  required  to  provoke  a  given  level  of  aioknaaa  In  ead\  aubject  and  how  much  adaptation  to  the  new 
vlaual  altuatlon  waa  achieved. 

Subject  Ai  Thla  aubject.  with  relatively  modaat  activity  whlla  wearing  the  prlama,  aufferad  oweat- 
Ing,  eplgaatrle  awareneae,  Increaaed  aallvation.  eplgaatrlo  diaconfort.  belching,  lethargy.  Intwnaa 
eplgeetrlc  dlacomfort  (deaerlptlon  raaemblaa  what  la  oalled  “nauaea*  by  othara),  and  alight  pallor, 
Walking  waa  “with  dlffloulty“.  At  timea.  active  movemanta  were  atopped  to  emallorata  aymptoma.  Whan 
the  prlama  ware  removed  after  69  mlnutaa,  the  aubjeot'e  vlaual  world  appeared  etable  when  head  movemanta 
were  made  (auggeetlng  that  little  adaptation  had  occurred). 

Subject  Bi  Thia  aubject  Buffered  aweatlng,  eubjeettve  temperature  incraaaa.  belching,  flatulence, 
yawning,  eplgaatrle  awaranaaa,  dry  llpa,  eplgaatrlo  dlatraaa,  alight  neuaea,  and  mild  apathy.  At  tlmaa, 
active  movemanta  were  atopped  to  ameliorate  aymptoma.  When  the  prlama  were  removed  after  74  mlnutaa, 
tha  aubject 'a  vlaual  world  appeared  ateble  when  head  movemanta  were  made  (auggeetlng  that  little  adapta¬ 
tion  hod  occurred). 

Subject  C)  Thla  eubject  euf feted  “poaalbla“  eplgaatrlo  ewatenaaa  end  aweatlng.  The  obaerver  felt 
(aubjuctlve  itqiraaalon}  that  he  waa  more  ataxic  than  the  othara  when  walking  with  prlama  on.  Whan  the 
prlama  were  removed  tha  aubject 'a  vleual  world  appeared  etable  whan  heed  movananta  ware  made  (auggeetlng 
that  little  adaptation  had  taken  place). 

Subject  Di  Thia  aubject  waa  judged  to  have  experlanoad  tha  moat  activity  (walking  and  haad 
movemanta)  while  wearing  the  prlama.  He  aufferad  btl^  eplgaatrle  awaranaaa,  aubjactlve  temperatura 
Incraaaa,  flatulence,  belching,  and  “poaalbla“  pallor.  He  learned  to  navigate  without  Intellactualia- 
Ing,  and  kept  walking  for  tha  entire  period  of  prlam  wearing.  Whan  tt«  prlama  ware  removed  tha 
aubject'a  vlaual  world  appeaced  una table  when  head  movamantt  were  mode,  and  “r,avaraad“  horlaontel 
nyategaua  appeared  prominently.  Tha  Inateblllty  of  hla  vlaual  world,  and  tha  revaread  direction  of 
horlaontel  oyatagmua,  appaared  aocaelonally  for  “up  to  4  houra  latar“,  Thla  aubject  waa  Judgad 
(aubjactiva  Impreaalon)  to  be  the  leeat  auaceptlble  to  aioknaaa  from  reveraing  prlama  atimulation.  and 
the  faeteat  to  adept.  Such  raletlve  ranking  of  auaceptlblllty  to  thla  etlmulua  muat  be  conalderad  a 
general  Inpraaelon  rather  than  a  meaautemant. 

The  relative  auaceptlbllltlea  to  the  prlama  teat.  In  order  of  daereaalng  auaceptlhlllty.  waa 
aaalgned  ABOD. 

7.  Queatlonnalrei 

The  four-page  queatlonnalra  la  aimply  too  volumlnoua  to  be  raproducod  here.  Aa  might  be  expected, 
all  of  thaee  four  aubjecta  had  experleneed  e  wide  variety  of  motlona  with  very  little  reaultlng  motion 
alcknaea.  All  of  them  rated  themaelvea  “leaa  auaceptlble  then  moat",  which  appeara  to  ha  a  raaaonable 
rating  for  ell  of  them,  oonalderlng  people  In  genertU. 

On  the  beala  of  their  amounta  of  reported  axpoaure  to  motion  and  tha  amount  of  aioknaaa  reported. 
It  could  be  decided  that  their  relative  auaceptlbllltlea.  In  order  of  deoreoalng  auaceptlblllty,  wee 
DABO,  although  thla  relative  rating  la  beeed  cu  vary  little  evidence , 

B.  Motion  Blckneee  Purina  Boece  Hlahti 

The  motion  elckneae  amperlenna  of  theaa  four  eubjecta  In  apace  flight,  Bpocaleb  1,  la  daecrlbad  in 
detail  in  paper  33  of  thia  eyepoalnm  (7).  It  eheuld  be  ramemketed  that  Subjecta  A  end  D  took  amcimotlon 
elohnaae  druga  (aeop/dmx,  In  thla  ceae  0.4  mg  aecpolamima  plue  2.3  mg  dexadrlna)  before  launch  and 
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regularly  thereafter,  whereas  Subjects  B  and  C  took  no  drugs  before  the  launch  and  took  then  (Subject  B 
took  flcop/dex  and  Subject  C  took  pcomethaaine  2b  tag  plus  ephedrlne  25  nag)  only  after  motion  uicknese  was 
well  developed,  Conelatsnt  with  the  many  testa  reported  here,  the  subjects  had  received  extensive 
classroum  instruction  and  practical  exparianca  with  notion  slcknaas  so  that,  although  they  could  not  all 
ba  described  as  notion  sickness  experts,  they  could  be  conaldarad  raliabla  and  knowladgable  observers  of 
motion  slcknaas. 

To  sumaisrixs  tha  detallad  account  (7)  of  tha  apactflight  axparlanea  with  motion  aickneai,  Subjacta 
A,  B,  and  C  vomited  rapmatadly,  uhtraaa  Subjact  D  was  without  aymptomi,  and  thair  ralatlve  suaceptlbill-' 
ties  in  ipacafllght,  in  order  of  decreeilng  auacaptibllity,  uaa  judged  to  ^  BACD, 

9,  Head  Movenanta  During  "Zero  g"  Parebolaa  —  After  the  Miseioni 

This  etlmilUM,  on  tha  3rd  day  after  landing  fron  the  Spacelab  1  nlasion,  provokad  no  tlgna  or 
aymptoma  of  motion  slcknaaa  in  any  of  the  four  craw  manbart.  After  tha  20  parabolae  of  atiraotypad  head 
movamanta,  an  additional  20  parabolae  ware  flown  for  tha  purpoaa  of  other  axparlnantt,  and  tha  four  craw 
mombera  had  no  alcknaas  during  thoaa  parabolai  althnr,  In  aplta  of  nuch  floating  about, 

DISCUSSION 

The  rasulta  ara  aunaarlaad  In  Table  2. 

Table  2,  Ralatlve  auacaptibllity  of  the  four  crew  nenbert,  A,  B,  0  auU  0, 
to  the  varloua  atlnull,  In  order  of  daecanalng  auacaptibllity. 

STIMULUS  SUSCEPTIBILITY 

moat - -  lantt 


-  no  sickness  - 
0  A  C  B 
DACE 
0  B  C  (A) 

D  G  A  B 
0  A  B  C 
A  B  C  D 

(B)<A)(0)(D) 

-  no  alekneaa  - 

(  )  Indlcstaa  tha  crew  member  used  antluotlon  sickness  drugs 

It  la,  of  course,  Impottlble  to  draw  conolunlonn  from  an  exparlment  with  variable  rasulta  and  a 
subject  population  of  only  A,  aaptcially  atnca  the  day-to-xlay  Intcasubjact  variation  In  auacaptibllity 
la  significant  (R,  Kennady,  parienal  oonnunloatlon),  Howsvsr,  tha  number  of  subjeete  will  increase  with 
the  Spacelab  A  and  D1  mlatlona,  and  with  the  fUghta  of  tha  Canadinn  payload  apeclaillgtt,  and  valuabln 
Inalghta  can  ba  anticipated  after  these  flights  have  bean  completed. 

In  many  of  tha  prat  light  motion  alokneae  experience*  of  the  Spacelab  1  craw.  It  was  “splitting 
halta"  to  say  that  one  eubjact  was  nora  or  lasa  auaceptlble  than  anuthar,  Howsver,  it  does  seam  cleat 
that  Subject  0  wee  the  roost  tuteaptlble  aubjact  ovatall  on  tha  many  praf light  teat*,  and  tho  laaat  aua- 
captlbla  to  spaca  motion  alcknaas.  This  finding  was  oppoalta  to  tha  kind  of  finding  antlclpatad,  aven 
though  anecdotal  daacrlptlons  of  aimllar  findings  have  been  encountered.  Also,  Subject  B  wea  ona  of  tha 
laaat  suar.aptlbla  aubjecta  on  tha  prafllght  taste  and  tha  moat  ausctptlbla  to  apses  motion  aloknasa. 
Tha  possibility  that  raalatsnca  to  sptco  motion  slcknaas  Is  sctually  aasoclatsd  with  suacsptlblllty  to 
othsr  forma  of  motion  steknsss  should  psrhaps  b*  glvsn  satlou*  consldsratlon,  although  It  ihould  bs 
rtmambsrad  Chat  *11  four  of  thsss  subjsct*  sra  lass  ausoaptlbl*  chan  moat  paopi*  In  a  ganeral  popula¬ 
tion,  It  is  cunmonly  hald  (8)  that  peopla  who  ace  axtraroaly  suscaptlbla  In  ona  anvlronmant  can  ba 
■xpactad  to  Ss  sxtrfmaly  ausoaptlbl*  In  othar  snvlconnant*  also,  but  pradlctlons  regarding  parsons  of 
mora  moderaca  luacaptlblllty  ara  Iwsa  certain. 

Any  Intarpracatlon  of  the  ipacafllght  rasulta  1*  coapllostad  by  tha  fact  that  tha  dlffarant  tasks 
of  tha  dlffarant  craw  narobtra  raqulrsd  dlffatant  amounti  of  bodily  movaasnt  and  head  novamant  at  dtftar- 
int  tlmaa  of  tha  "day".  Such  IntarprataCton  la  also  uompllcatad  by  tha  us*  of  antlnotlon  slcknaas 
dcugs,  aspactally  sine*  Subjacta  A  and  0  took  that  drug*  prophytacclcally  and  Subjacta  B  and  C  took  them 
only  after  rootton  slcknaas  via  wall  davaloped.  It  1*  parhspa  poaslbl*  that  antlrootlon  alcknaas  drugs 
ara  apaetacularly  sffactlvs  sgalnat  apses  motion  alcknasa  In  soma,  or  on*  (Subject  D),  of  tha  aubjact* 
and  naar-usalssa  in  aoroa  othars.  If  this  war*  so,  it  would  aaaro  to  ba  lapoaalbla  to  rcvstl  anything 
about  a  aubjact 'a  “auacaptibllity  to  apao*  motion  aloknasa"  by  drug-fra*  tait*  on  Earth,  if  ha  took  tha 
spooUcularly  affacciva  drug  just  bafora  launch.  In  the  thraa  subjacta  who  suffered  spaca  motion  slck- 
nama,  howavar  (A,  B,  and  0),  tha  drugm  that  wav*  used  appsarsd  to  ba  only  aodstaCaly  halpful,  and  slck- 
naas  occuri  coutlnaly  In  apacafllght  in  aplta  of  standard  BMdlcationa  (9,10,11). 

Tha  axoaptlonal  prafllght  Cast  was  Che  cavmrsing  prlams  taat,  In  which  Subjact  0  was  judged  to  b* 
least  ausoaptlbl*  to  the  steknas*  and  most  adaptabla  to  tha  new  “anvlronmant".  Unllka  tli*  finding*  in 
all  tha  othar  prafllght  taats,  tha  ralatlve  suscaptlbllltls*  of  the  four  subjact*  to  this  cast  (ABCD) 
was  siaUlar  to  tha  talaclv*  auseapcibilltlas  to  apaoa  rootlon  alcknasa  (BACD,  using  drugs),  which  la  a 
finding  ccnalitant  with  tha  auggsatlon  (12)  that  tha  unusual  loss  of  gain  In  tha  vaaclbulo-ocular  ref  lax 
in  walghtlaasnass  might  bo  Important  In  rpaca  motion  ateknaaa.  Boatlbly,  ptopla  who  find  that  a  ohang* 
In  tha  gain  of  tha  vaatlbulo-ocular  rtf lax  la  ptovocatlve,  and  who  adapt  slowly  to  aunh  a  change,  ara 
paopla  who  ara  auacaptlbla  to  spaca  notion  nioknasa.  In  considering  such  a  poaslbillty  It  la  Important 
to  raroambar  that  tha  auggamtlva  avldano*  Is  roiniaeula,  compllcatad,  and  barely  vlslhti*  through  tha 
obacurlng  log, 


Slad  Fab  79 

PAH  (horis  axis)  Fab  79 
PAH  (horla  axis)  Apr  S3 
KC  135  (miscall)  Mar  79 
KC  135  formal  Mac  83 
Quiatlonnalraa 
Ravaratng  prisms  Fab  79 
Spaca  flight  Nov/Oac  83 
KC  135  pcaCfllghC  Oao  83 
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It  wu  aottworthy  that  all  four  aubjaeta  auffarad  no  notion  alcknaai  at  all  Iron  haad  novananta  on 
tha  KC  135  aaro  f  parabola  taita  on  tha  third  day  aftar  raturnlng  fron  tha  alailon.  Thin  poatflight 
raault  waa  unllka  tha  raaulta  iron  tha  praflitht  parabolic  atlauli,  and  it  night  ba  auggaatad  ;;hat  tha 
adaptation  to  tha  waightlaaa  anvironnant  during  tha  nlaalon  conlorrad  lanunity  to  tha  parabolic 
atinului.  It  haa  baan  raportad  chat  apaca  flight  haa  confarrad  railatanea  to  tha  Coriolia  atinulua  alto 
(13)  I  but  luch  tranafar  of  habituation  did  not,  apparantly,  pravcnt  tha  aaa  aieknaaa  that  haa  baan 
raportad  (anaedotally)  in  aavaral  aatronauta  nho  ratumad  fron  apaca  by  capaulci  that  landed  in  tha 
aaa.  If  rallabla  racorda  of  auch  aaa  aieknaaa  vara  availabla,  it  would  ba  Intrraatlng  to  know  whathar 
tha  aaa  aieknaaa  occurred  avan  in  aatronauta  who  apant  anough  tiaa  in  apaca  to  bacona  adapted  (4  daya  or 
no)  or  whathar  it  occurred  only  In  thoaa  who  ware  in  apace  for  ahortar  tlnaa. 

Another  paaalblllty.  eoucarning  tha  lack  of  aieknaaa  in  tha  poatflight  XC  135  parabola  taata.  la 
that  randoa  day-to-day  variability  In  auacaptlblllty  produead  chat  unuaual  raault.  Furthar  taata  of 
latar  Spacalab  erawa  ahould  aattle  tha  natter.  If  In  fact  tha  adaptation  to  apacafllght  cauaaa  lanunity 
to  tha  KC  135  parabola  atinulua,  than  it  would  aaan  raaaonabla  to  hope  that  adaptation  to  tha  KC  135 
parabola  atinulua  night  cauaa  ianunlty  to  tha  apacafllght  atinulua,  hut  auch  a  procaaa  of  prababltuatlon 
would  poaaibly  ba  a  poculiar  one  alnea  tha'  people  who  ware  auffarlng  no  apparent  aieknaaa  night  ba 
baaaflttlng  fron  axtanalva  axpoaura  to  tha  KC  135  atinulua,  and  the  people  who  ware  auffarlng  alekaeaa 
fron  tha  anpoaura  night  ba  the  onaa  who  do  not  naad  tha  aapoaura  (auch  aa  our  Subject  D). 
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DMCDSglOH 

LBHTZ:  Can  you  toll  ui  ■  littl*  bit  boc*  ubout  th*  duration  of  txpoauro  on  your  rovaraini  lanaaa 
portion  back  in  Fibruary  '  79* 

MOHiyt  I  baliaiva  ona  of  tha  tubjneta  atopod  aftnr  about  70  nin.  but  it  vaa  intandad  to  ba  about 
an  hour  and  a  half.  Only  if  tha  auhjaot  daoidad  ha  didn’t  want  to  andura  any  nora  of  tha'  nauaaa  did 
it  and  much  bafora  that,  I  would  lika  to  add  that  wa  rapaatad  tha  prima  togsla  taat  two  othar  tinaa 
and  by  and  larga  tha  raaulta  wara  tha  tana.  In  Vabruary  *79  wa  want  about  90  nin. ,  tha  othar  tinaa  wa 
want  longar.  At  a  nattar  of  fact,  ona  of  tha  principal  objaetivaa  for  uains  tha  priana  gegglat  taat 
wat  to  acquaint  our  aubjaota  with  tha  diffaraoea  batwaan  thair  ratponaaa  in  a  quick  taat  and  to  pro* 
longad  atinulation.  tha  ratponaaa  and  tha  ordaring  ncrofa  all  thraa  taata  wara  pratty  conaiatant. 
Ttia  noat  auaeaptibla  tubjaeta  luy  hava  archangad.  k  and  B  nay  haya  changad  plaeaa  on  tona  of  tha  othar 
two  taata  but  by  and  larga  tha  raaulta  wara  conaiatant. 

UMlOEIITiyilD  BFEBKBB!  Vhat  waa  tha  head  poaition  of  the  tubjaeta  during  your  haary  water  taata, 

MONEY:  The  aubjacta  wara  aupina  for  IS  ninutaa.  Than  they  apant  10  ninutaa  on  the  left  tide 
down  and  10  ninutaa  on  the  right  aide  down,  ate.  Thia  want  on  for  appronlnataly  2  houra.  Bona  of  tha 
4  who  flew  actually  ahowad  any  aynptona  although  they  did  ahow  vary  atrong  poaitional  nyatagnua  and 
ona  of  tha  othar  aubjacta  who  bat  not  yet  flown  did  ahow  good  atrong  notion  aicknaaa  aynptona  at  Wall 
at  nyatagnua.  Wu'll  hava  to  wait  until  ha  fliaa  to  know  whathar  there  it  anything  intaraating. 

LAOENEB:  Did  you  hava  tha  opportunity  to  taat  tha  aatronauta  paat-fllght  on  provocative  notion 

aicknaaa  taata? 

MONEY:  Toatflight,  wa  bad  aocaaa  tu  tha  craw  for  only  ona  provocative  taat,  the  EC  135  taat>  On 
that  teat,  all  four  aubjacta  wara  entirely  innuna  and  alto  floated  about  during  aubaaquant  parabolaa, 
thoroughly  anjoying  tha  axparicnca. 

ELSE  I  Why  didn't  you  do  poat-f light  taata  with  drugt? 

MONEY:  It  waa  hoped  that  none  of  tha  aubjaota  would  taka  druga  bafora  flight.  Aa  it  turned  out, 
two  of  than  (bacauta  of  raquirananta  of  other  activitiea)  did  taka  Aatimtioo  tieknatt  druga  jutt  be¬ 
fore  launch. 

VON  OIEBKE:  If  ona  baliavat  in  tha  confliet  theory  of  notion  tieknaaa,  it  appaata  to  na  that  in 
tha  prian  goggle  taat  one  abould  net  naatura  tha  dagraa  of  initial  diaturbanee  but  tha  tlna  required 
to  adapt/raoriant  to  tha  tevacaad  pareaption.  Do  you  hava  a  awatura  of  thia  tinat 

MONEY:  Wa  did  record  tha  apparent  apaad  and  extant  of  that  raoriantation  and.  in  fact,  our  aub- 
jact  D  vaa  tha  ona  who  adapted  noat  quickly  and  cotiplatoly,  Ha  laamad  to  nagotiata  cornart  without 
intellactualiaing,  and  often  wearing  the  gogglaa  ha  expariancad  illuaory  novtnant  of  bit  vitual  world 
whan  naking  head  novananta.  Thia  vat  the  aubjaet  who  proved  to  ba  non-auaceptibla  to  apace  notion 
aleknaat. 

GUEDRY:  Did  any  of  tha  taata.  other  than  the  ravareing  lanaaa  taat  Involve  goal  diractad  baha- 
viora? 

MONEY:  Tha  only  other  notion  axpoaura  that  involved  goal  diractad  behavior  vat  tha  infomal  part 
of  tha  EC  133  flighta,  when  tha  aubjacta  floated  about  to  gat  fanilltr  with  loccnotion  in  veightleaa- 
naaa. 


aJUISBEM:  Which  groao  nodal  do  you  praaantly  build  up  aa  a  eontaquanca  of  yuur  findiogaT 

HONEY:  Ha  could  not  dariva  a  groat  nodal  fron  our  linitad  nunbar  of  aubjacta,  but  tha  findinga 
wara  conaiatant  with  the  idea  that  auacaptibility  to  apace  aicknaaa  iiwolvaa  aanaitivity  to  retinal 
alippagt  {ot  tha  raaulting  raorganixation  centrally)  and  inability  to  adjuat  VOR  gain  quickly.  Thia 
nodal  it  ttill  viable,  but  it  it  not  likely  to  ba  tha  core  of  the  problan. 

EENMEDY:  Tha  criterion  data  ahow  that  tha  aatronauta  ell  took  druga  during  flight.  Ware  they 
tha  tana  druga,  cane  tine,  atet  Thua  tha  conolution  could  ba  that  druga  interact  with  individual  and 
or  predictive  valuaa  of  ground  taata, 

MONEY:  Eubjaett  A  and  D  took  tcopolcnina  plot  daxaadrlnc  juat  bafora  launch  and  regularly 
tharaaftar.  Bubjaot  D  vaa  non-auacaptibla  to  apace  aicknaat  wharaaa  gubject  A  voaiitad  rapaatadly. 
lubjacta  I  and  C,  both  of  whon  vonitad  repeatedly,  took  druga  only  after  thair  apace . Nickaaaa  waa  wall 
attabliahad  (1  took  fcopdex,  C  took  pronathaaina  plua  aphadrlna).  It  it  poatibla  that  D  had  aa  uautu- 
ally  btnoficial  raaponaa  to  aeopdax. 
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ABSTRACT 

Thara  hava  baan  numaroua  raoant  dooumantad  and  anecdotal 
reports  o£  aircrawa  axparianoing  payohophyaiologioal  diaturbancaa, 
viauBl  llluaiona  and  aioknaaa  following  the  usa  of  flight  aimu- 
latora.  Symptoma  of  simulator  aloknass  oocur  not  only  during  flight, 
but  in  aome  individuals,  have  laatad  up  to  aevsral  hours  post 
axpoaura.  Furtharaora,  simulator  afteraf facts  may  be  delayed;  some 
alrorawa  report  symptom  onset  as  lata  as  eight  to  tan  hours  post 
utillaation.  tnoidants  of  simulator  aloknass  have  bean  documsntsd  in 
fighter,  attack,  patrol  and  helicopter  simulators.  Thaaa  occurranoas 
hava  baan  raportad  in  both  motion-base  and  fixed-bass  simulators,  to 
pilots  and  other  aircrawman,  ae  wall  ca  Inatruotora.  Prallminary  data 
suggest  that  more  axporianoad  aircrawman  are  at  greater  risk  and  that 
auch  factors  as  wide  Ciald-of-viaw  and  vlaual/i.nsrtlal  lag  contribute 
to  tha  problem.  Simulator  eloknesa  rapreaanta  a  major  obstacle  to 
obtaining  tha  full  training  potential  from  tha  vast  inventory  of 
flight  simulators  currently  in  use  and  under  development.  Obviously, 
the  learning  capability  of  ar,  individual  who  is  Buffering  discomfort 
generated  by  a  simulator  la  greatly  oompromlaad.  Moreover,  there  la 
the  possibility  that  the  viitual  and  proprioceptive  cues  raaponaible 
for  simulator  alcknasa  may  contribute  to  negative  transfer  of  training 
in  actual  flight. 

Data  on  pilot  axparisnoe  and  exposure  faotora,  symptomatology, 
scores  on  poatural  disequilibrium  tests,  video-gams  performance  and 
engineering  design  aspects  in  two  different  Navy  helicopter  simu¬ 
lators  are  presented,  along  with  a  brief  review  of  past  simulator 
slakness  studies. 


INTRODUCTION 

Since  World  War  II,  training  in  simulators  has  become  more  popular,  due  to 
thair  economies  in  equipment  and  fuel,  plus  their  attendant  advantages  of 
maintenance,  availability  and  safety.  Orlansky  and  String  (1,2)  hava  provided 
eloquent  summary  statements  of  thair  affactivaness.  New  types  of  simulators, 
such  av  those  for  training  air  combat  maneuvering,  air  oushion  vahloles  and 
Skylab  crews,  seem  to  be  in  great  demand.  Unfortunately,  there  has  bsen  a  rscant 
increase  in  reports  of  discomfort  and  distress  associated  with  tha  use  of  flight 
simulators. 

Since  tha  phenomenon  of  simulator  aioknsss  was  first  reported  by  Havron  and 
Butler  (3)  and  Millar  and  Ooodson  (4),  a  large  body  of  anecdotal  and  documented 
avidenca  has  accumulated.  This  evidence  suggests  that  simulator  sicknsss 
symptomatology  resembles  atotlon  sickness  and  other  forms  of  distress  Which  occur 
after  axpoaura  to  altared  and  rearranged  sensory  information  (5). 

UuMns,  along  with  other  species,  adapt  biologically  to  ecological  changes; 
otherwise,  they  do  not  survivs.  ScsMitlwes,  this  adaptation  involves  long-term 
evolutionary  modifications  of  structure  and  function.  However,  less  permanent 
aodlfioations  occur  which  capitalise  on  the  plasticity  of  tha  human  central 
nervous  system.  Yhass  short-tsem  changes  may  be  considered  under  the  genaral 
rubric  of  adaptation  to  the  environment;  but  persons  who  study  learning, 
habituation,  aocllmetlsation,  adjustawnt,  compensation,  satiation,  and  other 
time-course  events  may  be  examining  flmliar  processes.  These  short-term  changes 
in  husmn  behavior  and  psrformanoe  make  simulator  aloknass  an  important  problam. 

It  is  axiomatic  that  motion  is  the  basis  tor  notion  sioknass;  and  the 
constellation  of  symptcais  tdiich  occur  under  some  force  environments  illuatratss 
that  this  is  an  aoologlcal  change  to  Which  humans  have  not  yet  adapted.  Man-made 
systems,  such  as  ships  and  aircraft,  have  introduced  imw  force  anvironments  mot* 
rapidly  than  would  be  the  case  for  most  ecological  changes. 


Opinions  or  conclusions  contained  in  this  report  ere  those  of  the  euthore,  and 
do  not  naoeaearily  reflect  the  view  or  the  endorsement  of  the  Hevy  Dapectment. 
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It  is  our  view  that  motion  sicknecs  la  a  normal  consequence  of  exposure  to 
certain  moving  environments  (6).  The  incidence<  time  course,  symptom  mix,  et 
cetera,  follow  certain  rules,  soma  of  which  are  known.  Frequently,  if  the 
stimulus  parameters  of  the  force  environment  are  sufficiently  specified,  our 
technology  can  predict  the  resulting  incidence  of  sickness  (7).  It  follows  that, 
to  the  extant  that  the  real  system  produces  motion  sickness,  a  simulator  Which 
replicates  the  real  environment  is  liable  to  induce  the  same  responses.  However, 
when  a  simulator  produces  effects  which  are  dissimilar  from  those  which 
ordinarily  occur  in  the  aircraft,  then  the  adequacy  of  the  simulator  must  be 
challenged. 


REPORTED  CASES 

Simulator  sickness  is  a  problem  of  recant  vintage.  Its  oocurance  was  first 
reported  in  aircraft  simulators  (3),  than  in  driving  simulators  (8).  Although 
trainers/simulators  have  been  around  for  several  years,  it  is  only  recently  that 
wide  field-of-vicw  (FOV)  visual  systems  have  bean  incorporated  into  simulator 
design.  It  appears  that  the  onset  of  simulator  sickness  corresponds  olosaly  to 
the  introduction  of  wide  FOV  visual  displays.  This  la  not  to  say  that  wids  FOV 
visual  displays  are  the  causal  factor.  As  will  be  seen,  and  as  has  been 
documented  elsewhere  (S).  1983},  the  issue  is  far  more  complex. 

Unfortunately,  the  data  on  simulator  sickness  is  sparse.  With  respect  to 
flight  simulator  sioknass,  nearly  all  the  documented  oases  are  found  in  military 
technical  reports  of  limited  distribution.  A  brief  review  of  these  studisn 
follows  I 

Bavron  and  Butler  (3)  published  the  first  report  of  simulator  sickness 
occur ing  in  a  flight  trainer.  In  their  study  of  the  2-FH-2  helicopter  hover  and 
autorotation  trainer,  they  noted  that  7?t  of  the  individuals  exposed  to  the 
trainer  experienced  some  type  of  symptomatology.  They  also  noted  that  some 
affects  lasted  several  hours  following  simulator  flight  and  that  there  were 
delayed  effects.  In  a  later  study  of  the  same  simulator,  Hiller  and  Ooodson 
(4,9)  found  that  601  of  the  instructor  pilots  reported  symptomatology,  as 
compared  to  only  121  of  the  student  pilots.  This  finding  suggests  that 
experianoe  may  be  an  important  factor.  Millar  and  Ooodson  also  reported  the 
occur rsnoa  of  delayed  effects  in  one  instructor  pilot  Who  became  "so  badly 
disoriented  in  the  simulator  that  he  was  later  forced  to  stop  his  oar,  gat  out, 
and  walk  around  in  order  to  regain  his  bearings  enough  to  continue  driving" 
(3,  p.  244). 

One  of  the  first  attempts  to  document  the  problem  in  the  Air  Force  was 
reported  recently  by  Kellogg,  Castors  and  Coward  (10).  Tlisy  survsysd  48  pilots 
using  the  Air  Force  Simulator  for  Air-to"‘Alr  Combat  (SAAC)  and  found  that  a 
majority  (88t)  lad  experienced  some  symptoms  of  simulator  sickness  (primarily 
nausea)  during  SAAC  training.  Of  particular  interest  were  the  F-4  pilots,  who 
reported  delayed  perceptual  aftereffects  occurring  8  to  10  hours  following 
simulator  flight.  These  included  sensations  of  climbing  and  turning  while 
watching  TV,  or  uxperiencing  an  180-degree  inversion  of  the  visual  field  while 
lying  down.  The  authors  cogently  suggested  that  "the  users  of  such  (wide  fleld- 
of-view)  simulator  should  be  aware  that  some  adjustment  may  be  required  by 
pilots  When  stepping  back  into  the  real  world  from  the  computer-generated 
world. " 

In  a  study  of  flight  simulator  motion  sickness  conducted  for  the  Canadian 
Department  of  National  Defence,  Money  (11)  reported  that  nearly  half  of  the 
pilots  Using  the  Aurora  simulator  experienced  sickness  ranging  from  slight 
discomfort  to  mild  nausea. 

An  investigation  of  simulator  sickness  in  the  Navy's  2B6  Air  Coksbat 
Maneuvering  Simulator  (ACMS)  found  that  37%  of  the  aircrews  using  the  ACH8 
reported  varying  degress  of  symptoms  (12).  The  more  experienced  aircrews  (over 
1500  flight  hours)  had  a  higher  incidence  of  symptoms  than  the  less  experienced 
flight  crew.  Dissiness  wan  the  most  frequent  symptom,  followed  by  vertigo, 
disorientation,  "loans,"  and  nausea.  The  incidence  of  symptomatology  was  greater 
in  pilots  than  in  radar  intercept  officers  (Rios).  The  authors  suggested  that 
one  reason  for  the  reduced  levels  of  simulator  sickness  found  in  the  3B6, 
relative  to  the  Air  Force  SAAC,  may  have  been  the  less  intensive  schedule  of 
simulator  time.  Exposure  duration  and  frequency  appear  to  bo  potentially 
important  variables,  as  has  been  found  in  other  environments  that  produce  motion 
sickness  (7), 

Frank  (13)  has  reported  that  almost  one  out  of  every  10  individuals  using 
the  P-14  simulator  (2F113)  experienced  symptoms  of  simulator  sieknass,  and  that 
close  to  48%  of  the  31  aircrew  sampled  using  the  B-2C  simulator  (3ril0)  reported 
symptoms.  Crosby  and  Kennedy  (14)  have  documented  cases  of  simulator  sioknass  in 
the  P-3C  simulator  (3Fe7),  particularly  at  the  flight  engineer's  position. 

Tables  1  and  3  represent  an  attempt  to  collate  the  literature  on  simulator 
sieknass  occur rsnoea  in  flight  trainers.  Tabla  1  preaants  a  rudimentary 
categorisation  of  the  charactariatlos  of  four  simulators  where  "sieknass"  has 
been  recorded  In  formally  reported  studies.  Table  3  sussiarisas  the  findings  of 
the  seven  atudlas  parformed  on  tha  four  simulators  prasantad  In  Tabla  1. 
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TabX«  1.  Flight  limulator  oharactarlatlas 


Designation 

2FH2 

2E6 

SAAC 

2FS7 

Aircraft 

Bell  HTL' 

F4/P14 

F4 

P3-0 

Type 

Halicoptar 

Fighter 

Fighter 

Patrol 

Mission 

Hover 

Air /air 

Air /air 

Flight 

train 

combat 

combat 

train 

Base 

Type 

Fixed 

Fixed 

Motion 

Motion 

Dsgrea-of- freedom 

- 

- 

6 

6 

Max  g 

- 

— 

.2 

.8 

enhanced* 

• 

Yes 

Yas 

- 

,2-.4Hb  Component? 

- 

- 

Yaa 

Maybe 

Noisa  simulated 

Yea 

Yes 

Yas 

Yes 

Vibration  simulated 

Yea 

Yea 

- 

- 

Cockpit 

Type 

Open 

Bncloaad 

Enclosed 

Enclosed 

No.  craw  stations 

2 

2 

1 

3 

Display 

Type 

Proj«at 

Project 

CIO 

CIO 

Medium 

Scraan 

Dome 

8  CRTs 

3  CRTs** 

Source 

Point 

Ft.  source 

CIO  a 

CIO  li 

■ouroa 

TOT  proj 

modal 

model 

Content 

Sky/ earth 

Sky/aarth 

Sky/aarth 

Sky/aarth 

tiuminance 

•'Dir,“ 

targets 

Hasopio 

targets 

Masoplo 

Masoplo 

Resolution 

“Blurred" 

Soft 

Good 

High 

Motion  range 

6DOF 

600F 

6DOF 

6D0F 

FOV  Horison  (deg) 

260 

350 

296 

4B»»* 

Vertical 

75 

150 

180 

36*«* 

lag  Visual 

2-3xNorm 

+  .20“ 

+  .20“ 

+.15"? 

Inertial 

- 

- 

• 

•* 

Typical  miss,  length 

- 

30-50mln. 

45-e0min. 

4  hrs. 

*  Uwa  of  <3  auiti  g  aaat,  dla  lights,  sto, 

**  Pilot  a  2}  co-pilot  ••  1>  flight  anglnssr  •  0, 
***  Ona  window. 


Mthough  it  is  tsnuous  to  ganarallss  from  tha  studios  ravlawsd,  tha 
following  points  amargai 

1,  Tha  raportad  oasss  ara  dividsd  about  avanly  among  flghtar,  transport 
a  halicoptar  aircraft  simulators. 

2,  Symptomatology  has  basn  raportad  in  both  fixsd-basa  and  moving-bass 
simulators, 

3,  Flat-scrasni  doraa  and  oomputar  Imaga  gsnaration  (Cia)  visual  aystams 
ara  all  implicatsd, 

4,  Wide  flald-of-viaw  is  implicatsd 

5,  Tha  graatar  tha  intansity  or  duration  of  simulator  aspoaura,  tha 
graatar  tha  llkalihood  of  symptom  ocourronoa, 

6,  Visual  scraan  illumination  was  dim  or  at  masoplo  Isvala, 

7 ,  Llttla  attsntion  has  baan  paid  to  tha  rola  of  visual  and  Inartial 
lags.  Thsra  ara  savaral  anaedotal  reports  of  axoasslvs  and  notloaabla  lags. 
Connants  hava  baan  mads  that  simulator  latancias  arc  "out  of  spaolfiaation.'' 

a.  Thera  was  more  sioknass  in  asparlanoad  pilots  than  in  students, 

9.  Inoidsnoas  ranged  from  11%  to  BB%. 

10,  Meptailbn  ooourred  or  wee  SMntloned  in  Ml  of  the  studies. 
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Table  2.  Flight  airaulator  etudiea 


Authors 

Hartman 

Kellogg 

MoQulnness 

a  Hateell 

et  al. 

et  al. 

{1976)(15) 

(19a0)tl0) 

(i9ei)(i2) 

Type  study 

Survey 

Survey 

Survey 

Focus  of  study 

incidence  of 

Incidence  of 

Incidence  of 

sin.  sickness 

elm.  slcknees 

elm.  eioknese 

Simulator  type 

Fighter 

Fighter 

Fighter 

Simulator  designation 

SAAC 

SAAC 

2E6 

Trial  duration 

Unknown 

2.5  hours 

.5-1  hour 

No.  trials 

- 

5 

1 

Subjeats  Who 

IPs 

Pilot 

Pilot 

No. 

114 

4S 

66 

Symptoms 

Queet/lnt 

How  obtained 

Interview 

Questionnaire 

Onset 

During 

During/post 

During/poet 

Max  duration 

- 

All  week 

6  hours 

Max  %  with  symptoms 

S2 

88 

27 

Max  %  quitting* 

- 

- 

+ 

1  Reporting 

Vomiting 

2 

Nausea 

14 

79 

9 

DlsBinass 

- 

7 

17 

Ataxia/klneethetlo 

- 

60 

10 

Sweat 

- 

54 

Pallor 

- 

- 

- 

Visual 

50 

71 

a 

Headache 

32 

- 

6 

Drove Inees/ fatigue 

32 

- 

- 

Disorientation 

52 

<• 

11 

Attentlonal 

- 

35 

- 

Habituation/adaptation 

.. 

Som« 

. 

Experience  effects* 

No 

• 

+ 

Instr/etud  effects* 

No 

- 

- 

*  +  <•  Inetbuatoi:  or  experienoed  peraon  with  greater  ef feats. 


11.  Vomiting  was  rare. 

12.  Hausaa.  dlsklness  and  ataxia  were  the  most  oonoonly  reported  aymptoma. 

13.  Reporting  of  symptoms  Is  not  oonplate.  For  axample.  sweating.  Which  la 
ordinarily  assoolatad  with  siotlon  sioRness.  is  not  mentioned  by  the  pilot  unleas 
ha  ia  queried,  beoauae  ha  believea  it  ia  due  to  the  heavy  workload. 

14.  Thera  ars  possible  negative  impliaations  of  simulator  aiokneaa  Whioh 
can  bo  grouped  into  three  broad  oatogoriesi 

a.  Compromised  Training.  First,  symptomatology  may  interfere  with 
learning  In  the  simulator  through  diatreotion.  Beoondly.  alnee  humans  are 
flexible,  trainees  may  adapt  to  unpleasant  perceptual  experieneaa.  If  new 
learned  procaaeaa  are  not  similar  to  responses  raquirsd  in  flight,  then  the  new 
responses  comprise  negativs  transfer  to  in-flight  conditions. 

b.  Decreased  Simulator  Use.  Because  of  the  unpleasant  side  affects, 
simulator  usage  may  dsorsasa,  or  persons  may  lack  oonfldsnco  in  the  training 
that  they  reosivs  in  such  simulators. 

c.  Simulator  Aftereffects.  The  o) posure  to  the  simulator  may  result 
in  aftereffects ,  or  post-effects.  Those  are  not  unlike  the  post-effects  of  other 
devioosi  but  their  relevance  to  safety  (e.g.,  driving  home)  is  not  known. 

Tabls  3  presents  the  remaining  documontod  reports  of  simulator  sloknass. 
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Table  2.  Flight  almulator  etudiae  (cont.) 


Authors 

Havron  a 

Hiller  a 

Ryun, 

Crosby  a 

Butler 

Qoodson 

Scott  a 

Kenhedy 

(1957)0) 

{195B)(4) 

Bv.-  'inlng 
(1V7E  M  -,6) 

(13.12)(14) 

Typo  study 

Evaluation 

Field  exp 

Field  exp 

Fiwld  exp 

Focus  of  study 

Training 

Etiology  of 

Motion 

Off-axis 

effectivonass 

mot.  sickness 

affects 

viewing 

Simulator  type 

Halicoptar 

Helicopter 

Patrol 

Patrol 

Simulator  deslgnatioon 

2FH2 

2HF2 

2FB7 

2  FBI 

Trial  Duration 

30  minutes 

Unknown 

4  hours 

4  hours 

No.  Trials 

12 

4 

1 

1 

Subjects  Who 

Inst/stud 

Inst/stud 

Inst/stud 

Plight  eng 

No. 

36 

10+ 

47 

20+ 

Symptoms 

How  obtained 

Quest 

Q/int* 

Quest 

Quest/lnt* 

Onset 

Dur/post 

Dur/post 

- 

Dur/post 

Max  duration 

24  hrs 

— 

'■ 

- 

Max  1  w.  sympt 

78 

60  Inst 

15  Stud 

11 

50 

Max  1  quitting 

- 

“ 

“ 

- 

t  Reporting 

Vomiting 

Nausea 

+ 

Disslnass 

Ataxla/klnesthotic 

+ 

+ 

11 

50 

Sweat 

Pallor 

Visual 

+ 

Headache 

+ 

6 

Drowsiness/ fatigue 
Disorientation 

+ 

Attentional 

+ 

Habituation/adaptation 

Soma 

No 

- 

Experience  effects** 

— 

MO 

instr/stud  effects** 

+ 

+ 

Ho 

- 

*  Symptomatology  either  not  evaluated  or  not  evaluated  In  details 
**  +  ■  Inatruotor  or  axperlenoed  person  with  greater  tt£eate> 


EXPERIMEHTAL  PliAK 

Beoauee  of  the  eparee  data  on  simulator  aloXneea  and  Ita  poesible  negative 
lmplloatlone<  the  U.8.  Navy  has  davalopad  a  protocol  to  ayatematloally  survey 
its  flight  trainers  in  order  toi  (a)  asoertaln  the  frequency  of  ooourrenoe  of 
the  various  symptonsi  (b)  determine  If  there  are  human  performance  side  offsets 
due  to  almulator  exposure r  and  (c)  determine  the  magnitude  and  duration  of  the 
a££eota«  When  collectodi  these  data  will  be  used  to  develop  simulator  design  and 
procedural  use  methodologies  for  the  amelioration  of  simulator  siokness-  These 
data  will  also  aaslat  in  defining  the  etiology  of  almulator  slcknass  and 
contribute  to  a  further  understanding  of  the  mechanisms  involved  in  sntion 
sickness. 


FIELD  BXPSRIHSHT 

Two  U.S.  Havy  helicopter  simulators  ware  investigated  In  a  pilot  effort  to 
teat  the  protocol  procedures  and  to  detemlne  if  any  changes  in  pilot 
performance t  postural  steadiness  or  aymptoautology  occurred  as  a  result  of 
simulator  exposure. 

MATBRIMUB  AMD  METHODS 

Subjects 

Thirty-six  designated  Naval  aviators  flew  the  SH-3  helicopter  simulator  and 
28  different  Naval  aviators  flow  the  SH-2  helicopter  simulator.  All  subjects 
wore  in  good  health  at  the  time  of  testing  and  were  qualified  helioopter  pilots. 
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Table  3.  Simulator 

sickness  Incidence 

reports 

Authors 

Type  report 

Simulator 

Focus  of  report 

Sinacori 

(1967)(17) 

Incidence 

V/STOL 

Simulation 

tschniqusa 

Kellogg,  Castors 

Information 

SAAC 

Simulator 

a  Coward 
(1980)(10) 

(F4) 

sickness 

Money 

incidence  a 

CF140 

Simulator 

(1980)(11) 

recommendations 

(Aurora) 

■ioknaas 

USH  Message 

Requirements 

2Fe7 

Visual  display 

(1980) (18) 

(P-3) 

upgrads 

Wenger 

Incidence 

2P87 

Simulator 

(1980)(19) 

(P-3) 

Bickneaa 

Frank 

Incidence 

2F118 

Simulator 

(1981)(13) 

(*-2) 

aloknsas 

Frank 

Incidanca 

2F112 

Simulator 

(1981)(13) 

(P-14) 

aloknasi 

Kennedy 

Incidence  a 

2P87 

simulator 

(1981)(20) 

rscoiamendatlono 

(P-3) 

s ioknaas 

tiBH  Message 

Ouidelines 

2F112 

Aircrew 

(1981)(21) 

(F-14) 

read justmant 

Prank  a  Crosby 

Incidence 

2F117A 

Paychophysiologloal 

(I9a2)(22) 

(CK-46) 

diaturbancss 

8lniulator» 


The  SH-2  elniulator  (Device  2F106)  had  a  144°  X  32°  (H  X  V)  £leld-of-view 
which  was  9enerated  by  a  "Vital  111*  oalli9raphic  night  CIO.  The  display  was  a 
four-window,  three-channel,  folded  on-axis  virtual  Image.  The  SH-3  simulator 
(Davies  2y64C)  had  a  130°  X  30°  (H  X  V)  field-of-view  which  was  generated  by  a 
"Vital  IV"  calligraphic  dusk/night  CIO.  The  display  was  a  seven-window, 
five-channel,  folded  on-axis  virtual  image  CRT  display.  Both  simulators  had  a 
synergistic,  six-degree-af-fresdoin,  60-second  motion-bass  system.  The  flight 
scenarios  ware  relatively  constant  across  subjects.  The  scenario  consisted 
primarily  of  familiarisation  rides  around  the  "local"  simulated  work  area.  The 
average  exposure  duration  for  each  subject  In  ths  simulator  was  two  hours. 

Motion  Sickness  Questionnaire 


The  Pensacola  motion  sickness  questionnaire  (H8Q)  was  used  to  determine 
each  subject's  past  motion-exposure  history  and  susceptibility,  it  is  an  omnibus 
anamnestic  form  that  has  bean  item  analysed,  ampirioally  validated  and 
cross-validatad  against  a  laboratory  procedure  for  the  prediction  of  motion 
sickness.  M8Q  scores  are  related  to  flight  training  success  (23,24). 

Symptomatology  Categorisation 

Figure  1  presents  the  symptomatology  diagnostic  categorisation  workshaet 
utilised  in  this  study.  In  an  effort  to  improve  its  precision  and  utility, 
Wiker,  Ksnnsdy,  McCauley  and  Pepper  (25)  expanded  the  five-point  scale  (three 
degrees  of  malaise,  plus  vomiting  and  vestibular  sickness)  used  in  the  Pensacola 
diagnostic  worksheet,  to  the  seven-point  scale  shown  in  Table  4.  Wi',.ur  et  al. 
found  that  the  seven-point  scale  was  sasy  to  use  by  different  raters  and  yielded 
an  inter-rater  reliability  of  r  ■  .95.  Moreover,  there  is  a  high  correlation 
(r  •>  .80)  between  subject  recordings  of  their  symptoms  and  experimenter 
observations  of  vomiting. 


34-8 


Table  4.  Diagnostic  criteria 
for  levels  of  motion  sickness  severity 


7  Experimenter's  report  of  erassis 

6  Two  major  symptoms  (Inclading  retcn  end  subject's 
report  of  emesis) 

5  One  major  and  two  minor  symptoms 
4  One  major  symptom  alone 
or 

Two  minor  symptoms 
or 

One  major  and  one  minor  symptom 
or 

One  minor  plus  four  other  symptoms  of  which  two  (or 

more)  are  stomeoh  awarsness,  sweating,  drowsiness 
or  pallor  (depending  upon  vrtiether  pallor  Is  scored) 
3  One  minor  plus  other  symptoms 

2  Mora  than  two  other  symptoms  are  reported 
1  Any  symptom  related  to  motion  sickness  la  reported 
0  Ho  symptoms  are  reported 


Partormanoe  Testing 

A  ooromerolelly  avallabls  Air  Combat  Maneuvering  (ACM)  Atarl^"*  video  game 
(CX-2601  #24)  was  used  to  test  for  possible  psyohomotor  performance  daorsmant  as 
a  result  of  simulator  exposure.  The  ACM  game  Is  a  two-dimensional  pursuit 
tracking  task  whloh  ha*  been  shown  to  be  stable  (26),  related  to  other 
traditional  tests  of  manual  oontrol  (27),  and  appeara  to  be  a  useful  test  for 
the  measurement  of  pilot  skills  (28). 

Postural  Baullibrlum/Ataxia 

Two  postural  equilibrium  tssts  ware  administered  four  times  each,  before 
and  following  simulator  exposure,  to  each  subject.  These  test*  werei 

1.  Walk-Heel-to-Tos-Byes-Closad  (vniTBC).  Subjects  were  started  In  sn 
erect  heel-to-tos  position  with  arms  folded  across  the  chest  and  eyas  closed. 
They  wars  than  asked  to  walk  10  hesl-to-^os  eteps  without  side-stepping,  at  a 
rats  that  was  neither  too  slow  nor  too  fast  as  exhibited  by  the  examiner. 
Subjects  were  stopped  and  their  scores  recorded  when  they  either  side-stepped, 
fell,  or  completed  the  10  steps. 

2.  Stand-on-Prefeirad-beg-Eyes-closed  (SOPLEC).  Subject*  were  askad  to 
choose  tholr  "preferred"  or  "best"  leg,  and  to  stand  on  that  log  only  In  the 
arect  position  for  a  maximum  of  30  seconds  or  again,  until  they  slda-stepped  or 
fell. 

Procedure 


The  MSQ,  postural  equilibrium  tssts  and  the  ACM  performance  test  were 
administered  to  all  subjects  prior  to  their  entering  the  simulator.  Thirty-one 
subjects  "played"  the  ACM  video  game  before  taking  the  postural  equilibrium 
tssts  and  33  the  reverse.  Each  subject  received  four  trials  of  2.25  minutes  on 
the  ACM  performance  test  before  and  after  simulator  exposure. 

Following  simulator  exposure,  subjeot  repoi'ts  and  objective  experimenter 
recordings  of  motion/simulator  slcknsas  signs  and  symptoms  were  performed. 
Postural  aqulllbrlum  tests  and  ACM  performance  teats  were  also  administered. 

RESULTS 

There  were  no  significant  differences  In  results  between  the  experiments 
conducted  at  the  two  simulators,  and  so  the  data  were  pooled  for  puri>oses  of 
analysis. 

Tha  results  show  that  pre-  and  post-ataxla  scores  were  not  slgnlfloantly 
different  (P>.5),  nor  were  vi.dso  game  performances  (P*>.5).  Symptomatology  aoores 
are  shown  In  Table  S.  Thirteen  percent  of  ths  pilots  reported  symptomatology 
related  to  dlsoomfort  of  considerable  magnitude.  Nearly  40%  reported  two  or  more 
symptoms,  and  80%  Indicated  that  they  experienced  one  or  laors  symptoms.  MSQ 
soorss  were  mildly  (p  .10)  predictive  of  those  subjects  who  had  greater 
difficulty. 


Table  S.  Simulator /motion  sickneaa 
aymptoraatology  scores  for  the  SH-2  and  SH-3 
helicopter  simulator s  (N  -  64) 
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Symptom 

Rating 

SH-T 

Frequency 

SH**3 

None 

0 

7 

6 

1 

11 

16 

2 

5 

10 

3 

4 

3 

4 

0 

1 

5 

1 

0 

6 

0 

0 

Emssis 

7 

0 

0 

DISCUSSION 

iha  syitiptomatology  data  in  Table  5  are  In  oonoart  with  those  of  other 
studies  and  clearly  demonstrate  that  simulators  can  alter  an  individual's 
physiological  state.  Whether  such  physlologloal  alterations  are  of  import,  and 
what  the  exact  nature  of  that  alteration  is,  cannot  be  detemlned  from  this 
study.  However,  the  aftereffects  reported  by  Miller  and  Goodson  (4)  and 
Kellogg  et  al.  (10)  clearly  support  the  notion  that  perceptual  sensory 
rearrangement  can  occur,  and  that  auch  rearrangement  may  compromise  saftety. 

Personal  reports  by  pilots  to  one  of  the  authors  (TB)  relnforoa  this 
observation.  One  pilot  reported  that  ha  experienced  disequilibrium  on  the 
evening  following  a  four-hour  helicopter  simulator  (CH-53)  ride,  while  ha  was  in 
a  movie  theater.  The  disequilibrium  occurred  whan  the  scene  panned  a  landscape. 
In  a  second  case  (much  like  that  reported  by  Miller  a  Goodson,  4),  an  aviator 
axperianced  a  feeling  of  detachment  while  driving  home  about  half  an  hour 
following  a  four-hour  helicopter  elmulator  (CH-S3)  exposure.  He  "found  it 
mandatory  to  pull  off  the  aide  of  the  road  to  avoid  )3eing  a  hasard  to  the  normal 
flow  of  traffic,"  until  ha  regained  hla  awareness. 

A  third,  and  more  tailing,  anecdote  came  from  an  instructor  pilot  with  more 
than  500  hours  in  a  simulator.  He  claimed  that  while  attempting  to  land  a  real 
helicopter  in  a  clearing,  he  had  the  Illusory  feeling  of  being  in  the  simulator, 
and  recalling  that  " , . , limulators  land  high...,"  had  trouble  setting  his 
aircraft  down.  Just  as  he  was  about  to  hand  over  control  to  his  co-pilot,  the 
vehicle  made  contact  with  the  ground,  and  the  disorientation  subsided, 

Tha  teste  of  ataxia  and  psyoh«xgotor  traclcing  performance  failed  to  show 
simulator  effects.  While  the  reliabilities  of  the  tests  we  used  ware  marginal 
for  these  purposes  (r  •  >45),  Crosby  and  Kennedy  (14)  found  significant  ataxia 
problems  In  aircrew  following  exposure  to  the  P-3  simulator  (Davies  2F87),  with 

elroilar  tests.  However,  the  aircrew  in  that  study,  were  In  tha  simulator  about 
four  hours— considerably  longer  than  in  the  present  study.  Thus,  while  better 
tests  arc  desirable,  it  Is  our  speculation  that  the  postui^al  equilibrium  tests 
are  probably  sensitive  enough  to  measure  any  meaningful  effect  generated  by  a 
simulator. 

As  expected,  video  game  performance  Improved  from  Session  1  to  Session  2. 
This  improvement  may  have  mashed  any  simulator  effect.  Because  scores  change 
over  sessions  with  motor  skills  tests  (due  to  insufficient  subject  time),  it  may 
be  bettor  to  emphasise  cognitive  ability  tests  In  future  studies.  However, 
should  post-effsets  turn  out  to  be  smaller  than  tha  sesalon-to-aasslon 
improvement  in  a  battery  of  stabilised  performance  tasks.  Whether  motor  or 
cognitive.  It  might  be  possible  to  argue  that  there  is  mimlmal  disruption  of 
the  constructs  they  measure. 

In  the  present  study,  the  same  experimental  protocol  was  applied  to  two 
eimllar  flight  simulators.  As  evidenced  in  Table  5,  the  results  from  each 
olosely  paralleled,  and  we  feel  confident  making  comparisons  l>etwaen  them. 
Whan  different  protocols  are  applied  to  different  simulators,  as  has  been  done 
in  the  past  (of.  Tables  1  and  2],  comparisons  are  Impossible,  For  example,  two 
additional  halloopter  simulators,  similar  in  detail  to  those  reported  on  above, 
wars  surveyed  for  simulator  sickness.  The  motion  sickness  symptomatology  form 
administered  was  developed  by  ths  local  flight  surgeon  and  differed  from  that 
administered  hare.  Sixty-four  Marina  pilots  responded  to  a  questionnaire  after 
having  "flown*  in  either  the  CH-46  helicopter  simulator  (Device  2F117A)  or  the 
CH-53  simulator  (Device  2rl21) .  The  subjects  were  not  required  to  sign  ths 
questionnaires  and  were  about  evenly  distributed  as  "nuggets"  (first  tour)  and 
very  experiencod  pilots.  Half  of  the  subjects  reported  soma  side  effects  and 
13  rsspondsd  with  diislness.  Dlssineae  appeared  to  be  more  prevalent  In  those 
Individuals  with  less  flight  hours.  The  higher  Incidence  of  symptomatology 
reported  in  the  CH-46  and  CH-53,  compared  to  tha  SH-2  and  SH-3,  la  partly  due, 
we  loelleve,  to  the  anonymity  of  the  BK>tlon  sickness  form  and  tha  fact  that  a 
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more  relaxed  criterion  was  employed.  In  a  different  survey,  conducted  by  the 
local  squadron  on  the  same  Marine  simulators,  whan  subjects  ware  ashed  whether 
they  had  experienced  simulator  sickness  <yea  or  no),  only  12%  responded  "yes." 
This  latter  incidence  rate  corresponds  well  with  the  finding  of  our  field  study. 

GENERAL  SUMMARY  AMD  C0MCLUSI0N8 


The  present  field  study  was  designed  to  test  an  experimental  protocol  for 
the  assessment  of  simulator  sickness.  It  was  found  that  a  snven-point  motion 
sickness  symptomatology  scale,  postural  equilibrium  testa  and  MSQ  were  useful  In 
determining  the  magnitude  of  the  effects.  Although  the  ACM  video  game  did  not 
detect  any  performance  decrement,  it  was  noted  that  it  may  be  difficult  to 
show  affects,  even  in  stable  motor'-skllls  teats,  if  means  increase  with 
practice.  It  was  suggested  that  performance  tests  which  asymptote  more 
rapidly  (e.g.,  cognitive  and  information  processing)  may  be  better  candldatae 
for  future  studies. 


It  la  obvious  from  this  pilot  effort  that  tha  natura  of  tha  atlmulus  must 
be  defined.  Future  studies  should  Include  scenario  definition,  measurements  of 
visual  and  inertial  laga  and  the  raaonant  heave  frequency  of  the  aimulator. 
Individual  differenoea  in  pilot  axperiances  must  alao  ba  obtalnad.  (A  datailad 
Hating  of  likely  causal  factors  can  bs  found  in  Frank  at  al.,  IS).  In  addition, 
aftereffecta  naad  to  ba  syrtamatically  svaluated.  It  is  also  obvious  from  this 
study  and  the  literature  that  simulator  slcknase  la  a  problem.  How  large  and  how 
aarlous  a  problem  it  is  haa  yat  to  )>e  detamlned. 
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DIBCDSBIOH 

LOTZi  Do  you  istead  to  take  your  ttst  bsttsry  to  tbs  fli|ht  line  (after  sa  actusl  flight)  sad 
compare  thaee  results  to  the  eiauletort 

UUmCDT;  Tee,  if  poesible.  It  le  definitely  s  good  idee  to  eoapsrs  the  poet-affeeta  of  aavsrel 
■eviag  anvironsents.  It  vould  not  euxprlee  sa  if  they  occur. 

CORIAIi  Dose  your  surrey  of  eimulstore  Includa  both  fixed  env  moving  baasT 

KEMMEDY:  Tea.  Simulstore  ate  divided  about  svealy  bstweeu  aoviag  end  fixed  baast  helicopter 
and  flxad  ving;  point  source  ve.  computer  generated  iaagsryi  B.B.Navy  ve.  Marina  Corps.;  very 
wide  (300°)  ve.  not  so  wide  (120°)  FOV. 

LiCUIIg!  Could  you  glvu  us  a  suansry  of  tbs  dlffsrenca  in  incidence  in  aickaaae  tor  the  trsinaas 
versus  the  axperiencad  pi'iolsT 

IimUDY;  If  you  have  lots  of  axpatience  in  aircraft,  it  acmetlmae  places  you  la  a  lees  good  po¬ 
sition  then  if  you  have  eons,  there  axe  a  series  of  Incldonoee  that  have  been  reported  on  the  real  ba- 
saxd  of  lota  of  expoeurai  is  simulators.  Tbs  problem  is  yet  to  be  fully  eoxtad  out. 
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Bynptoma  and  aigna  of  apaca  aution  aicknaaa  and  fluid  ablft  «ara  obaarvad  by  A  apacially  trained  eramiaiibara 
on  tha  pbyaically  dataanding  10  day  flight  of  Bpaca  Bhuttla/Spaealab  1  launched  on  11/28/83.  Anonyaoua  but 
datailad  firathand  raporta  are  praaantad.  Thraa  cravman  axparianead  paraiatant  overall  diacoaifort,  and 
vonitad  rapaatadly.  Syuptoai  pattern  uaa  generally  aiaiilar  to  that  naan  in  tha  individuala  praflight,  axcapt 
that:  prodroaal  nauaaa  wan  brief  or  abaant  in  aoua  caaaa;  facial  pallor  and  cold  awaating  vara  uaually 
ahaant;  one  aubjact  axpariancad  uncoafortabla  "atoatach  alavation".  Howavar,  ayuptoaa  ware  claarly  uodulatad 
by  head  ucvaatanti  vara  exacerbated  by  unfaulliar  viaual  cuaa,  and  could  be  reduced  by  phyaical  raatraint 
providing  contact  cuaa  around  tha  body.  Druga  known  to  ha  affactiva  in  pravanting  Mtion  aicknaaa  wart 
judged  helpful  in  liailcing  ayaptoutt  including  vomiting.  Eaaulta  aupport  tha  view  that  apaca  aicknaaa  ia  a 
fora  of  action  aicknaaa. 
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Since  the  firat  report  of  "aaaaiokuaaa''-lika  ayuptoua  by  the  Sovlat  Cononaut  Titov  in  1961 .  the  ineidaBct  of 
ainilar  aymptuna  have  axcaadad  30  percent  in  tha  Soviet  Voatok/Voakbod  apacacraft.  Although  tbara  vara  no 
raporta  of  aicknaaa  txou  aatronauta  la  tha  tauller  Mercury  or  Gaaiini  vahiolaa,  tha  incidanca  in  the  larger 
Apollo,  Skylab,  Space  Shuttle  and  Soviet  Soyua/Salyut  vabiclaa  haa  approached  302  (Safa.  1,  2).  Tha  tulady 
haa  bacoaa  generally  known  at  "apaca  aiekneta",  or  nora  vacantly,  "apaca  adaptation  ayiUlroma",  A  eloaa 
aaaociation  batwaaa  rapid  baad  and  body  novaaanta  and  tha  davelopmant  of  ayaptoaa  hat  bean  noted,  which  nay 
explain  tha  apparent  lack  of  aicknaaa  ia  Mercury  and  Caaiinl,  ainca  crawnan  could  not  nova  about  iaaida  tha 
cabin  of  thaaa  vehielct.  Suaceptibility  to  apaca  aicknaaa  baa  bean  bigheat  during  tba  firat  aavaxal  daya  on 
orbit.  On  Apollo  10,  ont  craeaiau  axacutad  dalibarata  baad  ncurtaunta  in  an  attaaipt  to  haatan  adaptation  on 
tha  firat  two  daya  of  tba  tiiaaion,  but  vac  forced  to  atop  within  a  ninuta  by  developing  ay,'vtoai*<  Movaaattta 
vara  atill  nauaaoganic  on  tha  aavanth  day,  although  ctotMch  awarauata  waa  nut  produced  until  3  ninutaa  of 
baad  novananta  were  coaplatad.  On  Bkylab,  controlled  provocative  taotioa  aioknaca  taata  vara  conducted  for 
tba  firat  tiaM  (Eaf.l).  Mowavar,  tha  taating  did  not  cagin  until  tha  Sth  day  of  tha  aiaaion,  and  by  than 
■oat  crawaan  vara  virtually  aaynptoaatic,  even  vhan  luking  bead  BovoBanta  ia  a  rotating  litter  chair,  a 
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•timului  which  nott  of  theoi  hcd  found  quite  provocative  both  preflight  and  poatflight. 

At  we  know  it  on  earth,  motion  aickneia  ia  a  condition  charactericad  by  atoieach  diacomfort,  nausea,  vomiting, 
pallor,  cold  aweating,  and  other  autonomic  manifestationa,  and  It  is  generally  accepted  that  virtually 
everyone  is  susceptible  provided  the  stimulus  is  approprlata  and  lasts  Cor  a  long  enough  tina  (Kef.  3), 
Unfortunately,  the  physiological  machanisma  underlying  motion  slcknaaa  reisein  poorly  underatood. 

Monetheleas,  behavioral  evidence  derived  from  the  wide  variety  of  diffarcnt  aituations  which  make  us  motion 
sick  have  offered  some  important  clues  (Ref, 4),  and  have  led  to  the  davelopmant  of  "aenaory  conflict” 
hypotheses  to  explain  the  disorder:  Sickosas  has  been  notad  (Refa.  3,  fi)  to  consistently  occur  in  situations 
were  man  ia  passively  exposed  to  certain  i.:al  or  apparent  motion  stimuli,  ox  to  conditions  of  "sensory 
rearrangement”  in  which  the  "rules"  which  define  the  "normal”  ralatiouship  bsfween  body  movemanta  and  the 
resulting  neural  inflow  to  the  central  nervous  system  have  been  ayatamatically  changed.  Apparently,  whenever 
the  central  nervous  system  raceives  sensory  information  on  the  orientation  and  movement  of  the  body  which  are 
unexpected  or  unfamiliar  in  the  context  of  previous  seneory-motor  cxperiaoce,  and  this  condition  occurs  for  a 
sufficient  interval  of  time,  motion  aickneas  can  be  expected  to  result.  Hotion  eickneaa  may  therefore  be  a 
manifestation  of  a  prolonged  "overload"  condition  in  brain  centers  which  process  body  movement  control  and 
spatial  orientation  information.  The  physlologicrT  prooesaas  responsible  for  coupling  brain  areas 
responsible  for  movement  control  end  those  which  mediate  symptoms  and  signs  of  motion  aickneas  have  not  been 
determined.  However,  it  has  been  suggested  <Ref.  $)  that  sansory  conflict  must  in  some  sense  be  continuously 
functionally  "averaged",  normally  aubliminslly,  by  physiological  procaasss  which  determina  the  dynamic  of 
symptoms  and  signs  when  conflict  exceeds  normal  levels.  This  would  account  for  the  significant  daisy 
frequently  seen  in  the  first  appearance  of  motion  sickness  symptoms,  and  the  subsequent  perseveration  of 
symptoms  snd  sensitivity  to  further  stinulstiou  observed  after  the  atiaulus  is  removed. 

The  notion  that  space  sickness  is  siaply  another  form  of  swtlon  sickness  is  an  attractive  one,  Tn  the 
absenco  of  gravitational  loading,  the  four  otolithic  massao  of  the  inner  ear  gravity  sensitive  organs  would 
ba  expected  to  collectively  ssaums  new  positions  ralativs  to  the  underlying  sensory  cells.  The  pattern  of 
neural  information  flowing  to  the  brain  during  all  head  movamants  would  saam  totally  "unfamiliar”,  until  tha 
new  pattern  ia  laarned  by  axporisnea.  To  tha  extent  that  visual  and  tactile/proprioceptive  orientation  cuss 
become  ambiguous  in  weightlessness,  one  would  aspect  apisodaa  of  disorientation  to  occur,  snd  to  ba 
potentially  provocative.  Therefore,  from  the  perspective  of  tha  "aenaory  conflict"  hypothesis,  the 
appearance  of  sutioc  sicknass  synptoms  during  the  first  few  days  in  wsightlassnass  is  hardly  unexpected. 
However,  exposure  to  weightlessness  has  other  profound  physiological  implications  as  wall.  Tor  example, 
removal  of  tha  normal  gravitational  load  on  tha  cardiovascular  ayatam  produces  an  additional  set  of  symptoms 
and  signs  (stuffy  noses,  puffy  fscas,  spindly  lags)  associated  with  interstitial  "fluid  shift”  from  the  lags 
to  the  head  snd  thorax.  Available  evidenos  indxcatsa  that  thess  physical  signs  of  fluid  shift  ars  apparent 
in  all  crewman  to  soma  degree  Ijaasdiataly  upon  entering  sero  gravity,  and  arc  bslisvad  to  ba  present 
throughout  the  antire  period  in  wsightlassness. 

Based  on  available  descriptions,  the  symptoms  snd  signs  of  space  sicknsss  snd  motion  sickness  have  ganarslly 
bean  thought  to  be  so  similar  that,  as  noted  by  Benson  (Ref.  6),  "in  the  absence  of  ovidsnea  to  the  contrary, 
parsimony  dictates  that  space  sickness  must  be  oonsidered  as  just  another  form  of  motion  sickness".  Howaver, 
other  hypotheses  exist  (reviewed  in  Ref,  7).  for  example,  it  has  been  speculated  that  perhaps  fluid  shift 
might  induce  nausea  and  vomiting  through  s  direct  effect  on  the  central  nervous  system  vis  increased 
cerebrospinal  fluid  pressure  or  s  ensnge  in  its  chemical  consltuency.  Alternatively,  increased  labyrinthine 
fluid  pressure  or  constituency  might  produce  pathological  changes  in  the  vestibular  organs  themselves. 
Evidence  in  favor  of  these  notions  io  scs.it.  Howaver,  it  is  important  that  thesa  alternstivs  hypotheses  ba 
ruled  out.  The  impact  of  space  lieknese  on  crew  efficiency  now  deunda  that  more  effective  sMthods  for 
prevention  and  treatment  of  space  sickness  be  quickly  developed.  To  procaad  on  a  scientific  basis,  it  is 
essential  thit  the  hypothesis  that  space  sickness  is  a  form  of  motion  sickness  not  simply  ba  sccaptad  without 
systematic  collection  and  scrutiny  of  appropriate  scientific  ovidonce.  If  specs  sickness  is  motion 
sickness,  one  would  anticipate  that  the  sickness  intensity  would  modulate  dapending  on  tbs  tina  history  of 
head  movements,  and  perhaps  depending  on  the  particular  type  of  head  movamente  which  were  mede.  As  with 
other  forme  of  motion  sicknese,  one  would  oxpoct  vieuel,  tactile,  and  proprioceptive  cues  tu  play  a 
significant  role  in  craating  aymptoms,  and  that  whan  thaua  cues  wara  proparly  manipulated,  symptoma  could  be 
sllevieted.  Existing  craw  report#  generally  have  tended  to  aupport  tbaae  expectations.  However,  compelling 
evidence  has  not  yst  bisn  systsmaticslly  collected  end  docunented. 

kuseerch  on  spsce  eickneie  hse  bean  complicatad  by  a  nus:bar  of  raalitiaai  Crewmen  generally  have  opirational 
rasponsibilitias  which  make  it  ia:poaiibli  for  them  to  prevent  bead  and  body  movamants  prior  to  vsstibulsr  and 
swtion  sicknata  tests.  Crewman  era  lagltimataly  conoernad  that  their  participation  in  suoh  ttati  might 
aubsaquontly  couptomist  thair  physical  sffaotlvsnass.  Bor  the  stma  reasons,  many  crewman  taka  anti~motion 
■ickness  drugs  prophylsctieslly,  (although  thi  sffsetivanass  of  tbsss  drugs  sgsinst  space  sicknsss  has  not 
yet  baen  definitively  satahliahad) •  Although  crewman  hava  fraquantly  dsscrlbad  thair  aymptoma  in  detail  in 
iwdical  dabriaflngs,  thasa  rapoita  have  an  anecdotal  character,  and  have  been  regarded  as  sufficiently 
personal  in  nature  that  ralstivsly  few  details  have  been  docuiMUtod  ia  the  open  eeientifU  literatura. 
Although  briefed  ou  the  problem  preflight,  rnoet  crewmen  in  the  UB  and  Soviet  programe  have  lacked  credible 
praflight  axperiance  and  intarast  in  tha  pbyaiology  and  payebology  of  motion  alckoati  and  apatial 
orientation,  and  hava  bean  unfamillir  with  the  ptofaaeional  vocabulary  of  tbaae  diecipUnas.  It  ia  therefota 
not  aurprieing  that  oocaalonally  thelt  raports  have  ertatad  aoma  dagret  of  confualon  within  tha  scientific 
and  clinical  cosasunitlaa.  Recently,  a  atrloua  effort  baa  bean  made  by  the  NASA  dohnaon  Bpact  Cantor  to 
collect  Slid  interpret  raporta  from  Shuttle  crewman.  Soma  of  tha  rasulta  of  this  otfort  are  praitntad  at  this 
awctlng  (Raf.  8). 

How  that  Spacelab  la  opwratlonal,  inveitlgatora  have  tbe  opportunity  to  mors  thoroughly  train  participating 
crawiws  to  perform  raeearch  on  epatial  orlantation,  movasMUt  control,  fluid  ahlft,  and  motion  aicknaat  on 
orbit.  In  1976,  HASA  lelacted  a  team  of  investigatore  from  the  Haaiaohusatte  Inatltuta  of  Taohnology  (USA) 
tba  Canadian  Datanca  and  Civil  Inatltuta  of  Envlroomantal  Hadlclne,  and  HoGlll  Unlvaraity  (Canada)  to  develop 
a  group  of  Intarralatad  axparimante  on  huaan  spatial  orientation,  vestibular  function,  and  motion  aickneas  on 
thrsa  Spacelab  mlsaiona  (Hat.  1).  Complamantary  axpariiNnts  la  thaia  dlaciplinas  are  aleo  btlng  devalopnd 
for  tba  tome  miisioni  by  other  invastigstor  taami  from  tha  DBA  and  Europe. 
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T>ii«  report  preeenLs  the  operetlone lly  relevent  raeult*  froa  epeec  eicknete  nonltorlng  end  provocttlve 
tilting  ixpiriaanti  divilopid  by  th't  M1T/C*ni4i>n  tiia.  rod  flown  on  thi  tin  diy  flight  of  Spicilib  1, 
liunchid  fxoB  tha  lannidy  8p*ci  Cinter  on  Hovrobtr  28,  1983  in  thi  orbitir  "Goluahli”.  As  part  of  thi 
izparinnt)  icciliiOBitiri  ware  uiad  to  continuouily  racord  haad  BovaMnti  in  two  tubjactia  in  ordar  to 
quint itativaly  axiaina  the  bypothaiii  that  tha  laval  of  licknaii  la  ralited  to  the  laval  of  activity  in  aoM 
aubjacti.  Analyoii  of  thla  portion  of  tha  data  ia  not  yat  coaplatOi  and  will  ba  piibllibad  aliawbaraa 
gaaulta  of  rilatad  notion  licknaia  luiceptibility  toita  conducted  pra  and  poit  flight  on  thia  aaaa  niaaion 
an  daacribad  in  a  aacond  raport  at  thia  Mating  (8af,  9).  Whan  conaidarad  togatbir  with  tha  larga  body  of 
raaulta  (in  praparation)  fron  the  othar  Spacalab  1  vaatibular  axparinanta  on  viaual/vaatibular/tactile 
intaraction,  vaatibulo-apinal  raaponaeii  parcaption  of  limb  poaitlon,  and  n;tion  thraiholda  aa  wall  aa 
axparinanta  on  uia  parceptioni  cardiovaacular  function  and  nautoandocrina  ragulatioui  tbaaa  raaulta  uy 
provida  additional  iniight  regarding  the  etiology  of  apaca  alcknaaa. 

miBODS 

Subject!  vara  tha  4  aulea,  aged  35  -  S3  at  tha  tlna  of  flight,  with  no  hiatory  or  avidanca  of  cantral  or 
peripheral  vaatibular  diaaaaai  aa  dataminad  by  a  clinical  otonaurologic  axaM.  Two  ware  profaaaional  NASA 
Sciantiat  Aatronaut /Million  Speciallata,  ona  of  whoa  had  flown  in  apaca  pravlouily  aa  Ecianca  Pilot  on  tha  59 
day  Bkylab  111  niaaion  in  1974.  The  othar  two  ware  Paylcad  Bpacialiata,  aalactad  for  the  flight  by  tha 
mlaalon  Inveatigatora,  and  included  ona  of  the  authora  (IKL),  an  MIT  vaatibular  raaaarchar.  All  four  vara 
piloti.  Three  were  currant  in  high  parfornanca  Jat  aircraft.  All  conaidarad  thanaalvea  "laai  auaceptiblo 
than  noat  people  to  notion  aicknaai".  For  tha  raaaona  given  aarliar,  our  aubjacta  ware  not  naive,  and 
functioned  aa  obaervera. 

All  four  crawnan  (hancaforth  denoted  aa  Subject!  A-  D)  vara  aakad  to  obaarva  tha  tiM  couraa  of  aynptona  and 
aigna  of  apace  aicknaaa  and  fluid  ahift,  tha  ralationahlp  of  thaaa  to  haad  novananta,  and  tha  affaet  of 
vlaual,  tactile,  and  propriocaptiva  apatial  oriantation  cuaa  on  alcknaaa  intenaity.  Our  principal  objective 
vaa  to  obtain  and  docunant  firathand  aa  conplata  a  picture  aa  poaaibla  of  apace  aicknaai  aa  it  occucrad  on  a 
phyalcal  activity  intanaiva,  nulti-diaoiplinary  Spacalab  aiaalon,  while  praaarving  the  anonyBity  of  raaulta 
fron  tha  individual  aubjacta.  Ua  aakad  Subjacta  B  and  C,  who  wore  the  haad  nountad  acoalaiOMtara  for 
axtandad  parloda,  tn  naka  datallad  raporta  on  aynptoB  atatua  wbanavar  aynptona  changad,  tor  aubaaquant 
correlation  with  tha  bead  novanant  racorda.  lor  thia  purpoaa,  a  pocket  voice  recorder  (Faarlcordar  1420)  vaa 
carried  by  each  of  tba  two,  rod  a  “ayapton  checklilt",  reproduced  in  Tigura  1,  wax  provided.  Subjacta  A  and 
D  wore  tba  aocalaroMtara  only  oceaiionally,  and  vara  aakrd  to  uaa  tba  chackliat  to  uka  appropriate  notaa 
for  uaa  in  poatflight  debriefing.  (lor  varioua  technical  and  prograaniatio  raaaona,  objactiva  pbyaiologioal 
recording  of  apaca  aicknaaa  aigna  wai  not  attanptad  on  Spacalab  1,  except  that  a  itathoaeopa  vaa  uaad  by  two 
crawnan  on  occaalon  to  nonltor  abdoniual  aounda.  However,  on  aubaaquant  f light!  of  thia  axpariaaant,  facial 
akin  pallor  and  tanperatura  will  alao  bi  nonitorad.) 


FlSlIkE  1:  SynptOH  Chackliat 
Provided  to  aubjacta  for  docunentat ion 
of  aynptona  and  aigna  of  apaca  aicknaaa 
and  fluid  ahift. 


US  Kl  SWTO*  OCOOUI 

nDRKTlasIWVT  (Iatioi  ID  ii  1/2  mv  tq  MtiT) 

W  NMIfllTS  (Utica  aiu  7) 

LR-ddVI) 


iSMtBirUIOi  (aiicaiiil 
>Tl«  laMina 
in  re  Siaain  $TMa.l 
;SdVl  aa  m 

llPT  tHl  (nail  uau.  veim,  , 
iwaiana.  nuaiul 

WITIlg,  craug  (TIM,  lUHTiaa,  ULilW  »ni7) 

WS  (utiot,  uaa,  iiia  awacri.  aaaacrtvaaaii?) 


Although  we  ataphaeixad  the  iaportauca  of  ayatanatic  reporting,  va  anticipatad  that  if  a  crawacan  waa  to  ba 
able  to  provida  frequent  raporta,  oftan  circunatanoae  would  not  allow  tine  to  avaluata  all  tba  itana  on  tha 
chackliat.  In  thia  aituation,  the  aubjacta  wara  aakad  to  provida  only  a  “abort  raport",  conaleting  of  a 
aingla  nunbar.  Thia  waa  a  nuMrieal  nagnituda  eatinata  of  tha  intaneity  of  ovarall  diiconfort.  Subjacta 
enployad  a  nathod  of  reporting  (lit,  10)  which  waa  daaignad  to  produce  a  ratio  acala.  Inatructiona  to  tha 
aubjacta,  aa  thay  appaarad  in  tha  axpariaMnt  procadurea,  vara  aa  followat  "tick  a  aanaation  nagnituda  of 
ovarall  diacoaifort  in  tha  niddla  of  tha  "noderata"  range,  halfway  to  voniting.  Call  thia  ataadard  "10". 
Eatinata  tha  awgnitude  of  ovarall  lubjectiva  diaconfort  with  raapact  to  it.  If  no  aanaation,  aay  "tbaant". 
If  juat  notieabla,  lay  "tbraahold". 

Whan  tlM  parnittad,  aubjacta  wara  to  proceed  to  tha  ratnaindar  of  tha  ebackliat  and  log  tha  praaanca  and 
wbara  appropriate  tba  Intanilty  (on  a  4  level  abaant/alight/nodurata/intanaa,  "S/H/I"  acala)  and  locatioa 
("loc.")  of  20  individual  aynptoau  and  aigui.  In  conatructing  tha  chackliat,  which  undarvant  aOM  evolution 
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dttxint  tbB  couru  of  txainiog,  «t  includad  th*  Individual  alaainta  of  tba  lanaacola  Dlagnoatle  Cxitatla  for 
Acuta  Motion  Sicknaia  (Kaf.  11),  plua  additional  Itaua  wblch  azparlanca  hat  taught  ua  art  xagularly  atan, 
particularly  In  long  duration  notion  alehaata.  In  tcaining,  enphtala  waa  placad  on  davaloplng  a  conalatant 
vocabulary  to  daacrlba  ayaptoni  and  aigna. 

"Nauaaa”  uaa  dafinad  aa  that  unplaaaant  aanaation  which,  la  ita  noat  intanaa  fom,  la  uaually  aaaociacad 
with  tha  act  of  vonltlng.  Ona  of  our  aubjaeti  <G)  had  vary  littla  llfatlna  aapariaaca  with  voalting, 
and  tharafora  uaa  unaura  hou  to  dlatlngulih  "nauaca*  froa  “aplgaatrle  dltoonfort"  or  ganaral 
"quaaalnaat". 

"Spigaatrlc  dlacoafort"  uaa  any  aanaa  of  dlaoonfort  In  tha  atoauch,  abdonan,  or  aubacamal  (l.a.  lowar 
oaopbagaal)  araaa  which  waa  not  eonaidarad  "nauaaa",  "Spigaatrlc  awaranaat"  waa  any  aantatlon  drawing 
attention  to  thaaa  aplgaatrlo  artaa  which  waa  not  unooBfortabla.  Our  aubjacta  fait  "awaranaaa"  rafarrad 
to  a  vary  low  lavcl  of  aplgaatrlo  dlacoirfort,  baoauta  thay  ganarally  fait  "awaranaaa"  could  baeona 
unplaaaant .  For  aoaa,  tha  diatlnctlon  batwaan  "diaeoaifort"  and  "nauaaa"  waa  claari  for  othara  it  waa 
not,  Va  tharafora  ancouragad  than  to  augnant  raporta  of  aplgaatrlc  awaranaaa,  dlaconfort  or  nauaaa 
with  any  othar  oonawnta  which  battar  dafinad  tha  natuca  of  Chair  aanaationa, 

"Slight"  waa  to  corraapond  to  aubjactlva  thraahold,  or  Juat  abovo,  "Intanaa"  waa  tha  mat  aavara  laval 
ancountarad,  uaually  Juat  prior  to  vonltlng,  "Modarata"  waa  tha  ranga  batwaan  allgbt  and  Intanaa.  Our 
aubjacta  waxa  Inatinetlvaly  praolaa  Indivlduala,  and  oooaaionally  coauaantad  that  thay  found  It  difficult 
to  datarwlnc  whan  a  aanaation  ohangad  lavala  under  thaaa  daflnitlona,  and  would  apontanaoualy  adopt  a 
aagnituda  aatlaatlon  uathod  of  raporting  Inataad. 

"Soap Irat Ion"  xafarred  to  raapixatlon  uhangaa,  Including  the  alow,  dalibarata  braathing  pattern  aona  of 
our  aubjacta  aaiployad  bacauaa  it  uda  than  "foal  battar". 

"Diaalnaaa"  rafarrad  to  any  uncertainty  In  orientation  which  outlaated  haad  novanant.  "Vertigo"  wai  a 
feeling  of  aplnnlng  or  novanant  in  a  dcfinabla  diraotlon, 

"Sanaitivlty  to  acnaory  atituli"  referred  to  tha  atata  of  ulnd  where  aounda  and  voloaa,  odora,  beat, 
cold  ox  tightncaa  of  clochlng  aaan  unuaually  atrong,  hotharaom.  Or  rapulalva, 

"Vallor"  waa  judgad  vlaually,  aitbar  uaing  a  nirror  In  tha  Shuttle  Orbltar  nid-daok,  ox  by  aching 
another  aubjact  to  act  aa  obaarvox.  Kvan  after  training,  our  aubjacta  did  not  alwaya  have  confidence 
thay  could  dtaorlba  pallor  reliably  on  an  abaant/allght/mdarata/lntanaa  baaia,  and  fait  that  reporting 
“prcaant",  "abaent",  or  "changed*  would  be  better,  Va  warned  than  that  pallor  night  be  naakad  in 
waigtatlaaanaaa  by  facial  plathora  rcaultlag  froa  fluid  abift. 

In  addition  to  ayapton  nonitoriag,  Subjactc  B  and  0  agread  to  attanpt  to  naka  aona  dalibarataly  provocative 
head  novaaanta  in  order  to  otudy  apaoific  atlaailtti/taapoaac  raiationablpa.  Tha  protocol  oonaUted  of  a 
"auccaptibility  ttet"  followed  by  a  "lynpton  eonparicoo"  tact,  which  caplorcd  the  influence  of  eye  eloaurc 
end  the  exit  of  head  novonaat.  Thaaa  tccti  were  originally  aebadulad  for  the  and  of  tba  "aciantlflc  working 
day"  on  tba  firat,  fourth,  and  ninth  daya  of  tba  aiacioo,  TM  auaeaptlbillty  teat  waa  oonduetad  oa  followa: 
If  the  aubjact  waa  aaynptonatle  at  tha  atart,  ha  would  atrop  into  a  aaat  and  eautioualy  naka  forabaad  to  knee 
head  novaaenta  (to  a  1<S  aao,  par  mvaaant  cadence  provided  by  a  aatronona)  foif  7  bead  mvmanta,  than  raat 
for  10  aaconda  wbila  naking  a  ayapton  report,  aud  than  repeat  until  tba  vary  firat  ayapton  or  until  5  nlnutac 
had  alapaid.  XI  aynptona  wore  praaant  at  tha  atart  of  tha  aeaalon,  tba  auaeaptibllity  teat  waa  to  ba 
aklpped,  and  tha  aubjact  waa  to  parfora  tba  "aynptoai  ooapariaon"  teat,  Tha  oonpariaoa  teat  racuirai  a 
allghtly  aynptonatic  aubjact  ao  that  tha  bead  novanant  atlaulua/aynpton  raaponaa  ralatioaabip  would  ba 
iaaiadlataly  obvloua.  Subjacta  firat  nada  up  to  7  foroboad  to  knaa  novaaanta  oyaa  cloaad,  then  rapaatad  thla 
ayaa  open,  and  ranked  tba  two  conditlona  in  tama  of  capacity  tu  provoke  an  incraaaa  in  aynptoaia.  After  a 
pauaa  for  racovary,  aubjacta  theu  ware  to  naka  20  aaoond  Intarvala  of  90  dagraa  head  novananta  (ayaa  open) 
auooeaaivaly  in  pitch,  yaw,  aud  roll,  with  raata  iu  batwaan,  and  than  rank  thaaa  novaaanta  in  tama  of 
provocativanaaa.  Tha  final  daoiaion  wbethar  or  how  far  to  procaad  with  thaaa  provocative  taata  waa  left 
antlraly  in  thi  handa  of  tha  aubjacta,  In  fligbt  tba  exawaan  tbaaiaalvaa  would  be  in  tha  beat  poeitioa  to 
know  wbatbar  aynptona  could  ba  conatrainad  to  lavala  cuob  that  thay  would  not  jaopardlaa  tbair  phyaieal 
capacity. 

Sxparinant  training  waa  conducted  at  intarvala  during  1979-19S3,  and  conaiatad  of: 

1,  fornat  lecturaa  at  our  inatltutiona  in  Boaton,  Moutraal,  and  Toronto  on  vaatibular  phyaiology,  ipatial 
oriantatioD,  and  notion  aieknoaa,  totalling  approxinatoly  50  boura,  aa  part  of  tbo  ovortll  training  for  tha 
MIT/ Canadian  axparinanta. 

2,  Traotical  training  oa  avcluation  of  notion  aicknaaa  aymptou  and  aigna  raaulting  fron  "cbronlo" 
atinulation  aohlavad  by  wearing  Inft/rlght  viaion  ravaraing  gogglaa  while  walking  about  tha  laboratory  for 
atvaral  boura.  Two  aaaaiona  ware  oonduetad  utiug  a  protocol  aiailar  to  that  doacribod  in  laf.  10,  and  a 
third  aaaaion  aa  doaeribad  in  kaf.  12,  in  which  aubjacta  uaad  anti-notion  aieknoaa  druga.  In  thaaa  aaaaiona, 
anphaaia  waa  placed  on  recognition  of  the  varioua  aigna  of  mtion  aiekaaaa,  and  tbo  order  in  which  they 
appaarod,  and  alao  oa  ovaluating  tha  dynanie  ralatioaabip  botwoan  tho  onaat  of  haad  anvanonts,  tha  rlaa  of 
dlaconfort  and  nauaaa,  and  tba  aubaaquaat  daoliaa  of  thoaa  ayaiptona  when  head  mvananta  caaaail. 

3,  Loca  fomal  practical  training  in  awaluation  of  oynptona  and  aigna  wbila  sarving  aa  aubjacta  in  tha 
varioua  praflight  auaeaptlbillty  taata  aa  daacribad  in  Baf,  9.  Stinuli  conaiatad  of  taoriaoattl  axle  rotatleo 
(pitch  n^a),  borixontil  linear  aecalaratlon  (y  axia),  forabaad  to  knaa  head  mvomnti  nada  while  aaatad 
during  tha  walghtlaaa  phaaa  of  parabolic  flight  in  tbo  MASA  SC-13S,  and  tba  Iritf  Vlaual/Vaatlbulor 
Intaroetlon  Teat  (kaf. 13).  To  provide  oxparitnoa  with  aona  of  tho  lanaory  aepocto  of  orthoatatie  fluid  ohift 
which  cannot  bo  aebiovod  in  parabolic  flight,  aubjacta  ware  axpoaad  to  30  niautaa  of  10  dagraa  bead  down 
badraat.  Thotograpba  of  tbair  facet  nara  taken  at  tha  and  of  tha  teat. 

A.  A  practical  aaaaion  in  parabolic  fligbt,  during  whleb  aeno  of  the  known  affaota  of  viaual,  veatibular.  and 
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tactile  cuea  on  ipatiil  orientation,  diaocientation  and  aero-g  loconotion  were  danonatrtttd. 

5,  Fractical  training  in  the  uae  of  the  acceleroneter  headband  and  belt  nounted  recorder/battery  pack  vorn  to 
document  crew  head  movement. 

The  crew  gained  additional  relavant  experience  «a  a  reault  of  lecture!  and  teata  related  to  the  veatlbular 
and  cardlovaacular  exparlmenta  of  the  other  inveatlgatora  in  the  U8  and  Europe.  Tlie  Operational  Medicine 
branch  at  the  Johnaon  Space  Center  conducted  modified  CSSl  teata  (Eef.  14)  on  the  crew  in  order  to  facilitate 
individual  aalection  of  an  anti~Botion  aicknaaa  drug  for  uae  in  flight. 

NASA  policy  required  two  of  our  aubjacta  to  taka  anti-motion  alckneaa  druga  propbylactically  ea  conn  at  they 
reaebad  orbit.  At  the  raquaat  of  the  lift  aciencet  inveat igetora  working  on  the  mlation,  the  other  two 
attempted  to  retuiln  uuMdicated,  Tartly  aa  a  reault  of  their  training,  NASA  miaaion  nanegert  ware  content  to 
leave  the  deciaion  whether  and  how  to  treat  apace  motion  aiuknaaa  up  to  the  Individual  erawmambera,  with  the 
Flight  Surgeon  available  for  conaultation  if  raquatted.  Druga  choten  for  uae  were  0.4  mg  aeopolamlne/Z.S  mg 
dexadrine  in  captulea  for  aubjecta  A,B,  and  D,  and  2S  ng  promethaxine/  25  mg  apbedrlna  fox  aubjact  C.  Note 
that  dexadrine  waa  here  uaed  In  half  the  5.0  ng  convantional  doaa  to  at  to  raduce  poaaibla  aide  effaett  (a.g. 
intomnla)  when  multiple  dotat  are  taken.  In  addition,  aa  indicated  below,  2  aubjacta  obota  to  evaluate  the 
effect!  of  a  10  ng.  doae  of  natoclopramide  (Seglan)  on  orbit, 

mom  UP  piiCTSsioM 

A.  FStEFLIOlI  lEAlNlMC  AMD  TE8IIMG 

Table  1  ahowt  the  diatribution  of  aynptona  and  eigna  obaarved  in  tha  four  aubiecta  during  6-9  praflight 
training/teating  aaationt.  (Sattiona  in  which  aubjacta  uaed  antl-Mtlon  tlcknaaa  druga  ware  ascluded).  Dy 
comparing  column!,  one  con  infer  the  apparent  auaceptibility  of  tha  individual  aubjacta  to  thia  particular 
group  of  atinuli,  end  by  comparing  rout  for  a  given  aubjaot,  one  can  determine  e  aubject'a  neat  frequently 
obaarved  praflight  aymptoma  and  algnt.  It  ia  aignificant  that  in  conducting  our  training,  we  decided  that  wa 
would  never  deliberately  take  a  aubjaot  to  voniting,  Vo  felt  thia  policy  waa  appropriate  in  order  to  inture 
the  continued  cooporation  of  our  aubjacta.  In  horlioutal  axia  rotation  and  parabolic  flight  teatiog,  we  uaed 
the  fixat  appearance  of  unequivocal  nautaa  at  the  teat  endpoint,  and  Malaiae  III  (Eef.  Ill  waa  utad  In  tha 
CBSI  teata  conducted  by  HASA-JSC.  Vhan  wearing  the  priam  gogglaa,  aubjacta  only  rarely  went  much  beyond  10- 
12  on  tha  "diaoonfort  aoela"  daaeribed  earlier.  Had  we  ohoaen  aw>rn  provocativa  atimuli,  or  puahad  our 
aubjacta  harder,  tha  reaulta  undoubtedly  would  have  changed  eonawhat,  and  parhapa  influancad  our  aubjacta* 
impreaaiou  of  what  their  "uaual"  notioo  aicknaaa  aymptoma  end  aigna  were  to  aone  dagrea.  In  the  context  of 
the  flight  axparinent  reaulta,  it  ia  aignificant  that  Subject  B  reported  "awaaty  palaia",  end  waa  among  thoaa 
aubjacta  reporting  ‘‘aubatarnal  pretaure",  "conatricted  feeling  in  tha  cheat**,  and/or  a  **tlght  throat**  ia 
tone  of  thaae  praflight  teata. 


TABU  1 


lEiqUKMCY  OF  SYMPTOMS  AMD  SIOMS  DUBIHC  FSBFLIGUI  TBAIMIHO/TEBIINO 
(tetaiona:  2-4  parabolic  flight!,  1-2  priem  gogglee,  2  boria.exia  rut.,  1  OSSl) 


Subject  Coda  A  B 


C  D 


Total  t  aeaaiooa 

Modality  I 

Epigaatric  diaconfort 
Mauaaa 
Vomit ing 
Cold  twaating 
Subjactive  warmth 
Salivation  (increaae) 
Dry  lipa 

Reapiratiott  (change) 

Headache 

Drowaioaaa 

Yawning 

Belching 

Flatulenoa 

Pallor 


Subjecta  A  and  B  experianoad  cignifloant  aymptoma  while  wearing  priam  gogglaa  during  the  1-3  hour  teat 
taaaiona,  tuch  that  they  were  forced  to  atop  their  active  head  movewanta  and  cloae  their  eyea.  In  thane 
individual!,  we  uaually  aew  a  pattern  of  retponaa  generally  aimiler  to  that  of  S  other  aubjacta  daaeribed  in 
Eat.  10 t  Overall  diaoonfort  incrcaaed  during  each  controlled  heed  movement  eaquance,  and  decayed  between 
aequencea  to  a  level  which  itaelf  gradually  inoreaaed  with  tine,  aa  if  reflecting  the  cumulative  afteut  of 
all  previoua  bead  movameut  aequencet.  Aa  titM  went  on,  tha  number.of  bead  movenenta  which  could  be  tolerated 
without  atopping  usually  daoreaeed. 


Altar  axperlanee  in  training  with  the  *'ovarall  diaoonfort**  augnitude  eetiamtlon  taebniqua,  aubjacta  A,B,  and 
D  felt  that  although  the  exact  quality  of  the  diecoaUlort  aenaationa  each  experienced  waa  probably  dlffetent 
betwean  thaw,  tha  acele  had  at  least  face  validity,  and  in  terms  of  functional  capacity  at  any  Isvel  on  the 
nuaNrUel  acale,  they  all  bad  quits  ainilar  inclinationsi  At  a  relative  diacomfort  intensity  of  5,  they  would 
start  limiting  provocativa  head  movaewnts,  but  try  to  praee  on  with  eaeignad  taaka.  Whan  the  infianaity  rose 
to  the  S-12  range,  it  was  judged  '*definltaly  tlaw  to  stop".  Above  this  level,  aubjacta  feared  aymptoea  would 
avalanche  quickly,  and  it  would  be  hard  to  avoid  vomiting. 
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B.  FLIGHT  EXPERIMENT  RESULTS 

Scitnci  optratiani  ware  conduccaB  24  heura  a  day  on  two  altacnating  12  hour  shifts.  Our  subjects  worked  in 
pairs  iu  tha  Spacalab  modulci  a  cylindrical  prasauriaad  workshop  installad  in  tha  payload  bay,  and  connactad 
to  tha  orbilar  craw  compartsient  by  an  span  tunnal.  One  of  tha  two  orbltar  pilots  continuously  wnitorad  the 
mission  status  from  the  orbitor  flight  deck,  while  off  duty  crewman  slept  and  ata  in  tha  shuttle  orbiter 
"mid-deck",  located  beneath  the  flight  duck. 

The  invastigatora  and  tha  flight  surgeons  on  tha  ground  mslntsinad  a  24  hour  listening  watch  on  the  voice 
conuunicacion  channel,  and  monitored  all  availabla  video  tranamiasiona .  Fluid  shift  facias  wart  evident  in 
all  crewman  whan  first  seen  on  the  talavision  monitor  am  hour  into  tha  flight.  Hot  surprisingly,  their 
appaaranca  compared  wall  with  with  photographs  taken  previously  on  tha  ground  during  10  dag.  bead  down  tilt. 
During  the  first  two  days,  it  waa  obvioua  that  all  subjaeta  usually  prafarrad  to  nova  relativaly  slowly,  and 
gsnarslly  maintsinad  an  upright  posture  with  raspact  to  tha  floor  of  Spacalab.  Subject  B  was  occasionally 
seen  savately  restricting  his  head  movanants. 

It  was  not  until  after  tha  landing  that  tha  investigators  laarnad  that  during  tha  early  days  of  tha  miasion. 
Subjects  A,B,  and  C  all  aaperlencad  space  sickness  and  all  vomited  repaatadly.  Only  Subject  D  was  free  of 
significant  aymptoms. 

Baltaving  that  tha  principal  objective  of  tha  experiment  was  to  provlda  anonymous  but  wall  doeumentad, 
firsthand  case  historlas  of  apace  motion  sickness,  ws  have  chosen  to  prssant  the  flight  axperimant  results 
using  transcripts  from  tha  pocket  voice  recorder  tapes,  tha  air  to  ground  voice  comseunlcatlon  channel,  and 
postflight  dabriaflngs,  Tha  latter  ware  conducted  at  intarvals  during  9  days  immadiately  after  landing  at 
NASA's  Drydan  Flight  kaaearch  Canter  where  the  subjaeta  remained  to  undergo  life  scianca  postflight  tasting. 
As  tha  on-orbit  and  poatflight  transcripts  togathar  tocallad  several  hundred  pagas,  vs  hsra  prasant  what  we 
baliave  are  tha  most  significant  axcarpta.  In  soma  oases,  ws  have  puraphrasad  comaunts,  as  indicated 
[within  brackets]  aithar  to  improve  clarity,  reduce  Jargon  and  idiom,  or  to  provide  context  or  anonymity. 
Occasional  rsferanca  is  mada  to  other  auparimantsi  details  on  thaea  axperlmants  are  svailsbls  in  kaf.  IS. 

Tha  tlma  and  data  of  comments  racordad  during  tha  mission  are  indicatad  using  a  standard  NASA  convantlon  for 
danoting  Mission  Elapsed  Tima  ("MIT").  This  bast  lllustratad  by  example:  An  avant  occuring  on  tbs  vary  first 
flight  day,  i.a.  within  tha  first  24  hours  of  MET  is  said  to  occur  on  Mission  Day  aero  ("MD  0").  The  time  of 
an  avant  occuring  14  hours,  7  miautaa  into  tha  mission  is  denoted  as  0/14:07.  An  aVant  occurring  exactly  24 
hours  later  (on  KD  1}  would  ba  shown  «a  1/14:07.  Three  orthogonal  axes  of  head  motion  are  referred  to  in 
"aeronautical"  notation:  with  tha  origin  at  tha  canter  of  tha  head,  the  X  axis  points  through  tha  nose,  the  Y 
axis  through  tha  right  ear,  aud  tha  Z  axis  towards  tha  feat. 

Ovarviaw:  Buhiaet 

Subject  B  was  able  to  fraquantly  log  symptoms  and  signs  as  they  occurred.  The  time  coursa  of  his  magnitude 
estimates  of  overall  discomfort  are  shown  in  Figuraa  2  and  3  for  the  first  two  days  of  tha  flight,  whan  space 
sicknasa  vat  most  intanta.  A  score  of  20  indicates  a  vomiting  aplsoda.  Tha  curvaa  batwsan  the  i^iyidual 
data  points  vara  interpolated  bated  on  additional  notst  mada  at  tha  tlma,  and  by  Subject  B  hlmsalf 
postflight.  8cop/dex  vat  taken  at  the  tinea  Indicatad  by  diamonds,  and  tha  psriod  of  prtsumad  maximal 
affactlvanass  of  tha  dose  taken  it  indicatad  by 'borlxontal  bars,  Hatoclopramlda  was  taken  at  tha  tines 
indicated  by  triangles.  An  appreciation  of  tha  relationship  betvaan  Subject  B's  activities,  madiostiona, 
and  tha  rite  and  fall  of  overall  discomfort  can  ba  gained  by  examining  these  figures  togethar  with  vefersnoe 
to  portiona  of  Subject  B's  recorded  connantary.  For  purposes  of  brevity,  wa  have  bare  omitted  many  of 
Subject  B's  reports  on  status  of  the  individual  aymptoms  and  algns.  A  detsilsd  discussion  of  symptoms  and 
signs  axperianced  by  this  crewan  is  presented  later. 


0 


nsatt  t  Nagnltttda  Istiaata  of  Subjeotiva  Discomfort  va.  Tima  for  lubject  B 

First  Day  on  orbit.  A  neors  of  20  Indieatss  vaaiitiag.  Additional  details  in  text  abova. 


■ubjact  I  notiead  tha  invartad  sttituda  of  the  oi;bitat  eabia  during  tha  launch  and  accent  to  orbit,  daapita 
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the  threat  oC  the  englneii  After  entering  weight leetneae  whan  the  main  enginea  cut  oft,  he  waa  aurpriaad  to 
find  that  he  continued  to  feel  inverted,  Thia  aenae  of  inveraion  peraiited,  daapite  hia  daliharate  cognitive 
end  phyaical  afforta  to  reverae  it,  for  roughly  the  neat  hour,  and  diaappaarad  only  aftar  he  unatrappad  from 
hia  aeat  and  moved  about  tha  aid  deck  area.  (Somewhat  aimilar  illuaiont,  typically  laating  eaveral  houra, 
have  been  reported  by  Soviet  coamonauta s  Haf.  16)  Subject  B  and  tha  reat  of  tha  crew  then  changed  clothea, 
reconfigured  the  mid-deck,  and  prepared  to  enter  and  activate  the  Spacelab: 


Subject  B,  0/1 :M  "..no  reatclctiona  of  head  motion,  juat  normally  taking  it  aaay." 

0/2:25  noticing  a  little  bit  of  atomach  awaranaaa  occaaionally,  head  movementa  have  baan  raatricted 
aomewhat." 

0/2:55  "Noticing  a  little  bit  of  atomach  awareneta  occaaionally.  Head  movementa  have  been  raatricted.., 
and  a  little  bit  of  flatulence.." 

0/3:55  "JUat  after  Spacalab  ingreaa.  Did  a  couple  of  large  manauvara  and  imawdiately  want  to  feeling 
juat  a  little  bit  of  atomach  diacomfort  to  nauaaa  and  aaveral  mlnutai  later  1  vomited  in  a  bag.." 

0/4:45  "Again,  virtually  without  warning  -  it'a  juat  a  coupla  of  aacondi,  really,  no  atimulua  other 
than  juat  active  motion  in  the  Spacalab.  Vomited  a  aecond  time... but  fait  immediate  relief, >  there  waa 
no  real  cold  aveat  or  any  (aavare]  atomach  awareneaa  ahead  of  time." 

0/5:23  "..fullneaa  of  tha  head,  and  a  llttla  bit  of  atomach  awaranaae  oooationally  on  rapid  haad 
novement., trying  to  keep  the  head  movaaenta  down  to  a  ainimua." 

0/6:09  "again  an  incident  of  vomiting.  Thera  is  virtually  little  warning  before  hand.  iKadiataly 
after,  1  fait  quite  a  bit  bettor.  I  had  poaaibly  a  little  bit  of  cold  sweating,  claMiy  hands,  but  no 
pallor,  and  there  has  just  bean  a  constant  level  of  stomach  awaranasa.  Tha  vomiting  apiaodas  cone  on 
without  any  warning  whateoavar.  It's  just  ona  minute  you're  kind  of  hanging  in  there  hacking  it}  tha 
nast  minute  you  just  really  faal  lousy,  and  you  can  tall  that  you  have  to  throw  up.  You  becoma 
nausestadi  you  go  from  about  a  10  to  an  18  inside  of  a  minute.  I'm  currently  sitting  somawhsra  around 
a  10  1  guana.  I  am  able  to  work,  but  have  to  slow  down,  and  don't  really  feal  like  making  too  many  head 
movemants.  I've  had  a  containar  and  a  half  of  water.  At  0/6:09,  1  decided  to  go  ahead  and  taka  ona 
scop/dan...  My  only  other  sensation  it  a  uoderata  Sanaa  of  stomach  awareness  which  is  pretty  continuous. 
A  while  back  1  tried  to  close  my  eyas,  but  that  didn't  seam  to  help  at  all..." 

0/7:09  ",.I'va  baan  rastrictlng  my  haad  movamantt,  Fitch  snis  seams  to  be  by  far  tha  most  provocative.. 
Just  occasionally  a  slight  amount  of  ditxinaes  as  I  move  my  bead  vary  rapidly,  but  it  doeaen't  parsiat." 

0/7:37  "I  have  an  akparimant  to  do:  running  around  a  ratio  toala  7  until  1  sat  up  tha  second  TV  oamara, 
and  after  floating  down  the  module,  I  got  up  to  about  a  12,  so  I'm  going  to  rest  a  minute  without  making 
bead  movemants. .. .  Oloiing  my  eyas  definitely  does  not  balp." 

0/9:11  "  again  virtually  without  warning  -  I  had  leayba  two  or  three  minutes  warning  -  I  was  sitting  in 
about  a  ratio  ecela  of  10.  Thare  hadn't  baan  any  changaa  in  symptoms  for  an  hour  and  a  half.  8o  after 
doing  sous  work,  I  xcalisa  that  it  was  going  up  to  about  a  12,  lo  X  triad  to  get  in  the  comer  with  some 
tactile  cues,  but  bad  about  a  minute's  warning,  kaalised  that  I  was  going  to  vomit  again. . .fsale  much 
batter  once  it's  over  with.... my  clammy  hands  are  going  sway,  but  X  still  have  stoiuch  discomfort,  and 
again  it's  localiaad  up  near  the  sternum.  X  call  it  moderate  all  the  tiiea,  and  it  gats  uncomfortabla  or 
savara  juat  prior  to  vomiting.  Very  clear  to  tall  just  suotly  whan  it  happans...  Head 
tw>vemants: ..again,  it  wae  fast  rotations  end  pitchas.  I  had  just  finished  moving  the  foot  restraint 
from  one  of  the  racks  on  the  port  aide  to  the  starboard  aide. ..Thera  sas  a  little  cold  sweating,  a 
littla  yawning,  a  little  bit  of  belching  eavaral  minutes  before,.  It's  difficult  to  gat  svarything 
squarad  away  so  that  you  can  burp  properly". 


In  postflight  debriefing.  Subject  B  added  "X  noticed  early  on  that  I  waa  really  raotrloting  ay  head 
movemants,  as  you  saw  on  TV  during  the  Hop  and  Crop  [axperimant,  0/10:00-11 :00] .. .Lots  of  tinea,  I'd  just 
look  over  and  reach  to  grab  eomathing,  or  [my  shift  partner]  would  hand  something  to  ma,  end  I  wouldn't  even 
turn  my  head  at  all. 

(In  the  "Hop  and  Drop"  axperimant  (Aaf.l),  calf  musula  alactrical  activity  la  monitored  during  unaxpactad 
"fella"  and  rhythmical  bopping.  In  tha  absanca  of  gravity,  a  "downward"  accaleration  is  provided  by 
adjustable  elastic  bungee  cords  which  run  frem  a  torso  barnasa  to  the  deck  of  tha  gpacelab.) 

"[During  tha  bungee  cord  harnsas  operations,  starting  at  0/10:20]  X  wasn't  feeling  great  at  ell.  Ona  g  bops 
and  drops  botharad  me)  I  was  getting  quits  a  bit  of  oecillopsla  [(apparent  notion  of  the  "aaen"  world)]  in 
tha  Z  axle  when  I  wae  hopping,  and  that  was  kind  of  disturbing,  and  tha  1-g  drops,  I  didn't  tike  at  all.  In 

fact..  I  only  did  tea  of  them  in  [the  Hop  and  Drop  axperimant].  The  2/3  g  and  1/3  g  were  slot  batter,  but  X 

was  [working]  at  about  half  spaed  [to  X  could]  hasp  working  and  not  get  really  sick  again... I  did  all  IS  of 
each  of  those,  but  it  juat  took  a  long  time,  I'd  go  through  a  set,  and  atop  and  wait  awhile,  and  let  things 
calit  down,  and  then  start  up  again." 

Dutlng  the  Hup  4  Drop  operations  at  0/10:47,  lubject  1  noted  that  whan  ha  atoppad  moving,  hit  aymptons 

moderated  back  to  the  preexisting  batellne  typically  over  2-3  minute  time  course. 

At  0/13:20,  beuause  he  was  suffering  significant  aymptome.  Subject  B  raportad  "Skipping  tha  [scheduled 
provocative]  motion  sicknatt  teat.  Still  feeling  between  a  7  and  a  10.  Unable  to  make  any  pitch  haad 
movements  whatsoever." 
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Subjact  B  obtained  7  taouri  of  intaeruptad  alaep.  Tba  following  awtningi  ha  rapoitad: 

1/00:29  "During  tba  night  it  aaaBad  to  really  help  to  hava  my  head  valcroad  down  to  tha  pillow. lAn  hour 
aud  a  half  ago,  juat  prior  to  tha  blood  drawa.  1  vomited  again  after  taking  ..aeop/daa.  I'm  obout  to 
take  a  Kaglao  ^ra  in  a  couple  of  minutca.." 

1/01:28  "Doing  tha  blood  work,  trying  to  bold  ay  head  pretty  wall  Itill  and  ateady.  Bymptoatf  hava  baan 
rauaonably  conatant. . .lately  I've  noticed  a  aort  of  tightening  up  in  Bf>lowar  abdomen  after  taking  the 
Raglan. 

1/4:33  "IVhile  operating  tha  Drop  and  Shook  eaperiaant,  1]  did  alot  of  pitching  hand  movaaenta  looking 
up  at  tha  control  panel  and  down  at  the  [Btimulua  laolation  Unit].  Coing  to  taka  a  breather  bare:  I've 
got  myaalf  up  to  about  a  12-  14,  and  got  cold,  aweaty  banda.  Took  a  Boop/dex  about  3  ninutea  ago. 
(yawn)  and  aa  you  can  tell  tbere'a  aoaa  yawning...  I'm  juat  trying  to  remain  quiet  bare  for  S  or  10 
ainutaa  before  we  try  to  get  on  with  the  laat  part  of  [Drop  aud  Btaock). 

Subject  B,  1/5:98  "Been  [aitting  bare  quietly  aa  tba  aubject  in  Drop  and  Shook]  doing  tba. .static 
raoruitmant  curve,  and  have  bean  la  tba  hamate  [bungead  to  tba  deck]  tor  about  tha  last  hour  or  to. 
Having  tome  tactile  load,  1  have  baen  able  to  keep  atill,  and  hasp  my  ayes  elated.  Bat  helped 
immeteurably.'' 

1/4:36  (after  performing  the  Hop  and  Drop  RxperieMnt  again)  "Ratio  ectle  of  4  and  I've  got  alight 
etonach  awaraneee  occaeionally  on  rapid  head  movemanta.  Negative  nautta.  Incept  for  the  hopping  and 
dropping,  band  movemante  have  been  really  nil  for  tba  laat  hour  and  a  half.  It'e  baen  vary  comforting 
to  stand  in  the  hamate,  ..strapped  down,  and  being  able  to  cloea  ny  tyat  and  not  mova.  In  fact,  I 
almoet  fell  aelaep." 

Mote  that,  in  contraat  to  hit  earlier  reports,  doting  the  eyes  now  teemed  palliative.  However,  here  full 
body  raatraint  was  provided  by  tho  experiment  hamett  -  with  ayes  doted,  the  subject  could  ba  sure  ha  wat 
not  moving. 


1/8:53  "the  last  ooupla  of  hours  have  botn  pretty  steady!  I've  been  floating  around  a  3  or  to  on  the 
ratio  scale... " 

Subject  B  rtcallad  that  at  l/9;32-:47,  while  performing  a  Mats  Discrimiuetion  anperlment,  he  found  the 
relatively  small  yawing  head  novementt  required  to  look  altarnately  at  bit  left  band  bolding  a  teat  matt  and 
then  to  hit  right  while  lagging  the  experiment  results  were  mildly  provocative. 

1/10:30  "I  vat  working  getting  set  up  for  the  Awarentae  of  Position  Ixpariment,  and  I  wat  up  to  about  an 
8-10.  Almoat  without  warning,  within  one  or  two  minutes  to  the  endpoint,  I  got  another  vomiting 
episode... lemediately  after  the  vomiting,  most  of  the  tymptomt  subside,  and  1  fatl  quite  a  bit  batter 

1/10:37  I  went  down  to  the  mid-deck  and  took  a  teop/dax... light  now  I'm  sitting  at  about  on  8,  and  am 
about  to  do  tba  Awarenest  of  Position  Experiment. 

(In  tha  Awareness  of  Position  Ixpariment,  the  subject  is  strapped  blindfolded  to  a  flat  surface  at  tbs  aft 
end  of  Spacelab,  and  after  several  minutes  rest,  is  asked  to  point  to  various  prsastablisbad  targeta  aud  to 
judge  bis  limb  position.) 

1/11:59  Awarsnass  of  position  axpariaunt  [floating  ayes  closed  with]  loose  straps  inoreasa  symptoma  ftps 
an  8  to  a  10. 

Subject  B  alaborar.ad  in  the  debriefings  "I  was  not  [feeling  too]  keen  during  [  the  Spatial  Awareness 
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•xperlnaotl.  I  '4**  fecliag  kind  of  grim  *t  the  end  of  thet,  end  I  bsdn't  [ectivelyj  been  noving  for  20-30 
ninutee.  Sot  [looeely  tethered],  juet  the  eeniation  thet  you  could  be  eioving  *ud  not  detecting  It  wee  kind 
of  grim,  which  is  why  I  didn't  like  the  eyee  cloaed  that  much  either. 

bn  the  third  day,  Subject  B  took  a  Raglan  and  a  acop/daa  on  ariaing,  and  latar  noted  that  hia  abdomen  waa 
alightly  aora  whan  palpatad.  Ha  rapaatad  the  acop/dex  at  S-d  hour  intervale  that  day,  Diacomfort  magnitude 
eatimatea  ran  in  the  range  of  1-3,  with  occaalonal  alight  increaaaa  due  to  tvingea  of  atomach  awaranaaa  on 
rapid  head  movamanta, 

2/5:55  "..head  movamanta  don't  aaam  to  ha  much  raatrictad.  I've  bean  abla  to  coma  into  tha  module  upaide 
down  and  float  every  which  way  today." 

2/12:55  "Yaw  la  no  problem,  roll  and  pitch  there  ia  a  little  funny  aanaation  in  the  bead". 

2/13:20  (hia  final  report  fox  the  day)  "Ho  new  aymptoma,  no  problama.  Hava  bean  tranalating  between 
the  flight  deck  and  the  Spacelab  audule  at  rapid  rataa.  No  real  need  to  keep  head  movamanta  to  a 
minimum.  Although  1  do  notice  that  atill  pitch  and  roll  head  movemanta  are  moia  diatreaaful  than  yaw." 

By  tha  fourth  day,  Subjaet  B  waa  "gannrally  faaling  quita  good"  until  naar  tha  and  of  the  day,  whan 
diacomfort  waa  again  running  in  tha  2-3  range.  He  waa  abla  to  daliberataly  provoke  further  aymptoma  with 
hnad  movamanta  at  the  and  of  tha  fourth  working  day  when  ha  eoaplated  the  "aymptom  comparlaon"  teat  protocol: 

3/2:48  "Feeling  pretty  good,  juat  an  occaalonal  burp.  No  problama  with  head  aovamanta  or  motion 
whataoever." 

3/10:54  (while  about  to  do  a  Symptom  Compariaon  teat)  "Overall  diacomfort  la  about  2-3,  atomach 
awaranaaa,  and  it'a  high  up,  juat  under  the  aternum.  Ho  nauaaa.  flaad  movamanta  have  not  bean  really 
botharaoma  today  except  for  aaveral  timaa  whan  I  mada  ahort  raporta,  I  have  pretty  much  good 
mobility,,,!  little  bit  of  diaiineaa  if  I  roll  my  head...ooh,  that’a  not  very  good,  1  atill  don't  like 
to  roll  my  head  very  much.  Fitch  motiona  give  me  a  little  bit  of  diaorientation.  But  the  roll 
dafinitely  ia  diaorlanting." 

3/11:00  Symptom  Comparlaon  toat  reaulta:  Forahaad  to  knaa  movamanta  alightly  more  provooativa  when  made 
nyaa  open.  Subjective  axia  rankii:g:  coll  worat,  pitch,  forahaad  to  knaa,  yaw  laaat. 

On  the  fifth  day,  aymptoma  remained  at  a  very  low  level  until  the  and  of  tha  day,  when  aymptoma  briefly  roae 
alightly. 

4/3:31  "I've  been  belching,  and  even  though  I  fuel  comfortable  moving  about,  after  a  rapid  aeriea  of 
motiona  or  head  movemeute  or  aomething,  1  atill  got  a  few  tvingea  of  atomach  aviraneaa..,ln  general  it'a 
alight,  it  doeaen't  peraiat  very  long,-  and  1  generally  feel  roaaonably  good, 

4/5:17  "Still  a  little  bit  of  fuUneaa  in  tha  atomach  and  a  feeling  of  preaaing  up  in  the  aternum.  Ho 
nauaea.  Head  movamanta  haven't  been  vary  much  raatrictad,  although  again,  1  can  tall  that  if  1  nova 
alot,  I  don't  really  like  it,  and  I  want  to  keep  ay  head  from  moving  too  rapidly." 

4/8:37  (after  a  Rotating  Doan  axpecimant)  "  I  waa  looking  in  the  mirror  doing  acme  head  rolla,  looking 
at  my  ocular  countarrolling..and  after  I  flniahed  that,  I  bad  a  twinge  of  alight  atomach  awareneaa..! 
think  I'll  juat  keep  my  haad  quiet  for  a  minute  or  ao." 

After  the  Sth  day.  Subject  B  experienced  no  further  activity  related  aymptoma.  However,  hia  aanae  of 
"fullneaa"  beneath  the  eteenum,  headache,  haad  fullnaaa  and  congaation  peraiatad.  On  the  Sth  day  (8/23:30), 
he  again  performed  the  "Frovocetive  Taut"  protooola,  end  waa  able  to  perform  all  tha  required  head  movemanta 
without  any  aignificant  aymptoma.  However,  alight  oaclllopaia  waa  reported  during  rollinQ  head  novemeuta. 

PYWYitV!  gsbitc.ti.  B. 

Turning  now  to  tha  other  eubjacta.  Subject  A  aummariaad  hia  experience  at  debriefing  thia  way:  "  On  day  1  [HD 
0],  I  waa  not  feeling  too  bad.  I  wee  under  O-G,  and  I  knew  I  bad  to  be  juat  a  little  bit  oai'eful  what  I  waa 
trying  to  do.,  then  it  began  to  get  juat  e  little  bit  voraa.  Day  2  waa  no  batter,  if  anything  a  little  bit 
worae,  and  on  the  afternoon  of  day  2,  I  waa  really  aick,..l'd  taken  2  aoop/dax  on  the  firat  day,  and  2  on  tha 
eecond  day,  and  [on  the  afternoon  of  the  eaoond  day]  I  took  a  Raglan. .and  very  abortly  thereeftar  threw  up. 

I  vomited  4  tinea  that  afternoon. .  .And  although  1  nnver  tbrev  up  on  daya  3  nird  4,  I  waa  really  feeling 
aoiry." 


Subject  C:  "Hhan  we  did  tha  activation  of  Spacelab,..  I  [atayed]  up  a  little  longer  then  originally  aohaduled 
becauee  it  waa  really  intereating  to  eea,  and  alao  quite  an  emotional  moment  when  the  hatch  [to  the  Spacelab 
auidule  vent]  open  and  you  go  down  the  tunnel.  When  I  want  to  bad,  I  felt  e  little  quaaay,  but  the  real 

problem, .waa  [our]  hectic  [next  ahift],  when  we  had  to  run  (the  Rotating]  Doam  [viaual/veetibular  interaction 

experlmant]  and  tha  whole  [European  Veetlbuler  Experiment],  with  tha  many  [taohnioal]  problama  we  bad.  1 
aiaq^ly  threw  up  twice,..  1  remember  1  really  didn't  like  ..to  [float]  through  tha  tunnel,.  Very 
automatically,  you  are  trying  to  reduce  the  amount  of  head  movetunta  to  a  mininum...!  agree  with  [Subject  A] 

that  you  can  atill  work  quite  effectively  even  if  you  are  very  aick,  ae  I  waa.  At  the  end  of  [my  firat  full 

ahift]  I  took  one  [promethaaine/aphedrine] ,  the  only  one  X  took  during  the  entire  flight...  juat  befora  I 
went  to  bad,  I  thought  that  [would  be]  the  beet  time  to  take  it,  beoauaa  all  tha  biological  maaeuremaata 
were  coiq^late  for  that  day...l  felt  much  better  the  next  day,  and  1  wan  in  abaolutaly  good  ehape  by  the  third 
day...,  [On  our  firat  full  ahift]  1  think  I  did  pretty  mnoh  what  1  waa  auppoaad  to  do.  In  tarma  of  apead,  X 
think  1  could  do  it.  1  an  [happy]  to  know  that  even  if  you  eubjeotively  don't  feel  too  well,  you  can  do  [tha 
work].  It  waen't  really  ao  bad.  X  probably  ahould  tell  you  that  moat  of  the  time,  the  probleaui  were  really 
bearable... When  1  threw  up,  it  waa  juat  a  lutter  of  a  few  eeoonda.  You  looae  a  minute  or  two.,  after  that, 
you  feel  much  better.  So  in  operational  terxa,  1  think  I  would  probably  do  it  exactly  the  aama  way  [again]. 
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0/5:A3  "..A  few  minuteB  A  I  hsd  to  vomit.  It  c«nc  *11  of  a  BuddeQ,  without  any  warning,  when  1 
tried  to  eat  an  apple".  Subject  B'b  deacription;  "He  were  eitting  in  the  nid-deck,  I'd  just  come  back 
and  we  were  t^  Iking,  He  was  eating  an  apple.  And  right  in  the  middle  of  eating  the  apple,  he  said  ' 
aw,  gee  I',  threw  the  apple  in  the  air,  and  vomited  just  like  that  1  It  wea  almost  without  warning," 

0/14:39  "  About  23  minutes  ago,  I  came  back  from  the  aiddack  after  returning  the  Plant  Carry  On 
Container,  and  as  I  came  back  into  the  Spacelab,  all  of  a  sudden  X  had  to  vomit  a  second  time.,,  kight 
now,  1  am  feeling  pretty  good... about  4-3". 

3/10:50  "I'm  fully  adapted  now,  and  don't  have  any  problems  anymore.  It'a  great  to  be  herel  I  feel 
real  fine." 

3/16:24  "He  stopped  the  [Hotating  Chair  vestibular  erperimentl  effort  when  we  started  the 
sinusoids . .because  1  think  it  Is  very  [provocative]  for  the  time  being,  and  I  don't  want  to  run  into 
trouble." 

3/21:40  "Okay,  I'm  doing  [the  Provocative  susceptibility  teat],  and  I'm  doing  the  first  couple  of  head 
movements,  and  I  know  already  now  that  I  won't  do  much  mors,  because  that  is  really  a  killer.  I'm 
basically  over  the  problem,  but  1  don't  want  to  get  it  back. ..Oh,  it'a  bad.  Okay  this  is  a  symptom 
report  of  the  eyes  closed  [compatison  test],  and  I  think  it  feel*  a  littla  easier,  hut  it  is  dsfinitaly 
not  pleasant  to  do,  and  I  think  I'll  stop  here." 

4/10:27  "I  have  no  motion  sicknass  problems,  I'm  fully  adapted,  but  I  still  don't  want  to  make  rapid 
head  movementa.  That  is  still  no  go." 

In  dsbriafing.  Subject  C  added:  "I'd  say  it  was  about  halfway  through  my  fourth  flight  day  that  I  really  felt 
comfortable,  didn't  restrict  my  head  motionsanymora.  I  wae  able  to  tumble  in[tu  the  Spacelab],  do  flips  and 
tumaeraaults.  From  then  on  it  was  really  slot  of  fun.  The  third  day  wa*  ok,  I  had  no  problem  working.  1 
w*i  starting  to  enjoy  it.  But  it  wasn't  the  ball  of  fun  that  it  was  the  last  5  or  6  days.” 

Subject  D,  who  akperiencad  no  significant  symptom*,  said:  "In  my  case,  I  took  scop/daa  prophylactically,  as 
planned,  I  took  one  shortly  after  [orbital  insertion],  and  one  at  5  hour*,  HET,  just  before  1  went  to  bad. 
Took  one  on  arising,  which  would  have  been  about  0/11:00,  and  1  took  on*  an  hour  before  supper  at  the  and  of 
that  day,  about  24  hours  into  the  mission.  1  than  took  one  upon  arising  at  1/8:00,  and  [X  may  have  taken] 
on*  on  arising  24  hours  later.  I  had  no  aymptona.." 

Etio Ionic  Factors: 

1.  Used  Movements: 

In  debriefing,  we  asked  our  subjects  whether  there  was  any  apacitie  activity  which  sssaad  to  trigger  vomiting 
or  and  increase  in  symptoms,  and  why  their  incidence  of  vomiting  so  high,  sa  compared  to  previous  missions  7 
For  those  subjects  who  egperisnced  symptoms,  they  bad  no  doubt  that  symptoms  war*  modulated  by  tbs  bead 
movements  associated  with  iihysieal  activity. 

Subject  A  responded  "[the  stimulus  for  vomiting]  is  just  continued  activity.  If  I  bad  stopped  early  enough  >■ 
maybe  30  or  45  minutes  be'.'or*  -  and  gone  to  my  bunk,  closed  the  door,  and  been  guiet  I  think  the  symptosi* 
might  well  have  been  suppressed...  [On  a  0-20  scale]  the  point  of  no  return  is  maybe  15-17.  I'm  guessing  a 
little  bit,  because  I  no''*r  really  had  much  opportunity  to  eeplore  juat  bow  far  1  could  go  and  still 
return....!  can't  pick  oit  anything  that  was  iudividually  provocative  nor*  than  another.."  "All  kinds  [of 
motion  were  provocative],  not  just  pitch,  roll,  and  yaw.  Fur*  translation,  maybe  a  little  last,  but  you've 
gut  the  visual  affect..  .  Hhen  a  person  gets  over  the  threshold,  it  is  hard  to  get  back.  When  you  get  over 
the  threshold,  you  better  stop  and  do  something  promptly,  like  taking  a  scop/dex,  getting  quiet,  and  getting 
dark..  To  me  it  is  alwi.ys  a  help  to  get  in  darkne**...Uh*t  I  would  have  liked  to  do  it  to  gat  in  my  bunk, 
strap  down  -  if  X  had  i  good  way  to  do  it  -  and  rest  quietly  for  a  half  an  hour  or  more.  Then  I  think  Che 
symptoms  would  have  never  developed  seriously." 

Subject  B  added  "1  [afres]  that  if  the  timeline  had  allowed  it,  and  I'd  had  lima  to  ait  there  and  taka  it 
easy  and  rest  for  20  or  30  minutes,  than  1  wouldn't  have  thrown  up  so  much,  and  I  would  have  been  abla  to 
keep  [my  overall  disi:omfoct  scores)  lower  on  the  scale...." 

"It  was  a  general  pettern  of  activity,  (which  led  to  vomiting]....  and  you  kind  of  felt  bad  at  that  activity 
level,  but  you  said,  'wall,  I  don't  seem  to  be  getting  any  worse,  so  I'll  keep  on  going',  and  then  all  of  a 

sudden  you  said  "oh,  no,  I'm  fseling  bad".  A  couple  of  deep  breath*  and  it's  in  tha  bag,.  Hhat  I  was 

anticipating  was  tVat  I  would  gradually  faal  worse,  and  gat  to  a  stage  where  I  could  stop  and  not  vomit 
again,  which  happened  [eventually] t  Day  2,  I  picked  up  the  time  course  of  what  wa*  going  on,  and  realised 
that  it  1  went  to  s  12,  I'd  better  atop  riaht  there.  I  could  go  between  an  8  and  a  12.  If  I  hit  12,  it  was 
juat:  absolute  step  and  ait  there  for  awhile.  It  was  tha  only  thing  1  could  do.... Day  2,  I  realised  the  time 
course  of  this.,  you  make  a  bunch  of  head  movements  or  something,  and  you  don't  notice  much  changs  in  the 

aymptous  until  bow,  you're  gone.  So  I  guess  X  became  more  sensitive  to  the  change.  You  allow  for  the  time 

lag.  [I  began  to  uee  more]  anticipation. ..[and  I  took  drugs]". 


Subject  A  sgaini  "You  wake  up  end  you  go  all  day,  and  then  you  quit  with  very  small  breeka.  Oocasionslly  you 
atop  to  fix  e.Unch,  and  sit  down  and  oat  it.  The  only  starlonary  activity  that  1  can  remamher  was  whan  I 
was  taking  pictures  during  a  nighttime  through  the  back  window,  and  I  had  my  head  in  this  big  (cloth  skirt], 
and  I  surprised  myself.  1  raally  found  that  sosuwhst  quiating,  and  felt  good  after  that...  Fifteen  minutes 

is  e  long  *nou|.h  period  to  begin  to  have  soma  ctspons*  to  [counter]  tha  provooativ*  nature  of  your  preceading 
work." 

"As  soon  a*  you'd  throw  up,  you'd  feel  a  little  bit  batter,  and  the  first  thing  you'd  do  would  ha  to  get  it 
claaned  up  andi  disposed  of.  lobody  else  it  going  to  do  that  work  for  you  -  you  sure  don't  went  anybody  to. 
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And  thnt'a  ndditloul  activity  right  than.  You  flounder  around  and  get  all  that  taken  care  of,  and  get  right 
back  to  it." 

"It  ia  an  extrenely  important  queBtion,.how  much  dleturbance  the  protocol  or  the  experiment  operation  iteelf 
cauaed  in  teraa  of  Baking  crowBeBberc  faal  uneoBfortable  eltbax  all  the  way  to  complete  aicknuae,  and  to  what 
degree  you  think  that  affected  conduct  of  the  . .exparitientt,  ..After  thUking  (bout  It,  I  an  convinced 
that. .the  experinent  Individual  protocol..  -  the  actual  'Botating  Dona',  or  the  'Bop  and  Drop',  or  the  'Drop 
and  Shock'  [experiannt  protocole]  -  were  not  particularly  provocative  in  torma  of  a  five  minute  operation. 

But  it  ia  aubatantiiilly  more  provocative  to  actually  let  up  all  the  hardware.  We  atarted  right  from  the 
..iugreaa  into  Spacalab  going  at  nearly  full  apeed....  1  atarted  off  feeling  pretty  good  on  [the  firat  day], 

and  it  waa  aort  of  ateady  dovnhill  from  that  point  on,  right  through  day  two.  And  ao  it  ia  my  opinion  that 

all  the  lot  up,  all  the  action,  all  the  head  movementa  that  are  required  Chat  ia  the  Boat  provocative  of  all 
the  activitioi.  lot  the  normal  crewmember,  you  are  v<ry  apt  to  make  hia  aiek  if  you  contlnui  thi  activity  in 
a  volume  the  aiae  of  Spacelab.  If  your  objactive  ia  to  gat  the  work  done,  you  can  work  through  it.  In  our 
caae,  we  xaaentially  accompliahed  everything  that  waa  Hated  on  our  flight  plan.  But  it  waa  cartainly  an 
unpleaiant  experience  -  you  had  to  force  youraelf  to  work  through  it.  It  waa  not  eaiy  to  do,  but  you  can  get 
it  accompliahed.  Do  you  eccompliah  it  in  thi  'optimum'  aMuner  ?  I  don't  think  lo.  You  are  doing  thinga  awre 
uachanicrlly.  You  aay:  'now  I've  got  to  go  gat  thla  piece  of  hardware,  and  I've  got  to  plug  it  in  there,  and 
I've  got  to  put  the  [Hop  and  Drop  handle]  up  there,  and  wait  till  it  dropa',  and  you  do  it.  But  you're  not 

thinking  about  aay  of  the  other  factori  Chat  have  to  do  with,  aay,  any  of  the  amall  effecta  that  you  might 

ought  to  be  looking  for:  perturbationa  in  the  experiment,  or  have  I  forgotten  anything,  or  do  the  alaotrodea 
really  look  good  7  Hava  I  checked  the  impedancei  7  Are  the  aaplltudea  correct  on  the  oiellloecopa  7  Eeoauae 
you  are  not  fully  up  to  apeed,  you're  ..at  a  point  whara  you  are  feeling  lethargy,  and  you  don't  feel  like 
you're  ready  to  charge  [ahead]  at  a  normal  rata.  It  doei  affect  how  well  you  interpret  all  the  rait  tbat'i 
going  on  around  you...  and  it  will  effect  how  well  you  do  it.  The  mechanical  part,  you  can  plow  ahead  and 
get  it  done. ..I  think  it  doea  effect  the  quality  of.,  the  data.  On  a  Bulcidiaciplinary  [Biaaion],  aomebody 
ia  going  to  have  to  decide  whether  you  want  to  puah  crewmambera  Chat  hard,  knowing  that  the  normal  crewmeBber 
ia  very  likely  to  be  aick.  Or  do  you  want  to  alack  off,  and  let  them  go  at  a  [natural]  apeed.  In  my  own 
caae,  I  think  the  appropriate  kind  of  timeline,  which  I  would  have  preferred  to  have,  would  have  bean...  lax 
enough  to  aay  'if  I  don't  feel  real  prime,  we've  got  tiu  for  me  go  lay  down  in  the  bunk  for  lS-30 
uinutaa. . . .It'a  a  trade  off  between  diaciplinea. 

Subject  D  added:  "You  know,  we  ran  on  a  timalina  [which  had  built  in  an  extra  2SX  time  factor  to  allow  for 
our  unfamillarlty  with  weight leaanaaa  during]  the  firat  day  or  two,  and, .that  vat  about  right.  [But]  there 
waa  no  way  we  could  have  gone  through  there  at  full  apeed. 

Subject  B:  "There  ere  thinga  you've  got  to  go  do.  You  iwka  really  alow  BOvaaentt.  I  waa  keeping  my  bead 
really  lined  up  with  ay  body.  I  didn't  need  a  [neck]  collar  or  anything  to  tell  me  that  I  waan't  about  to 
wke  rapid  head  movemanca.  He  were  forced  [by  the  tiaMlina]  to  keep  making  head  movementa.  Even  when  I  waa 
making  head  taotione,  I  felt  1  waa  aitting  around  a  10  or  to,  and  it  would  be  alaoat  without  warning  that  it 
would  uooB  up;  it  waan't  any  one  tat  of  bead  aotiona." 

At  noted  in  the  Overview,  Bubjaot  B  experimented  on  oceaalon  with  apacific  head  moveaianta,  and  noticed  that 
nsvamente  in  pitch  ataaed  particularly  provocative  on  MD  0.  Ihia  obaarvation  ia  ganarally  conaiatent  with 
Soviet  reporta  <Haf.  17).  On  KD  3,  however,  ha  found  that  rolling  movementa  ware  the  igiat  diaturbing.  On  MD 
8,  eymptoma  of  tpaoe  tickneat  could  not  be  provoked  by  head  anveauintt,  but  oacillopaia  vat  particularly 
prominant  in  roll.  Our  aubjeutive  impreaaion,  which  muat  ba  confixnad  by  the  bead  mounted  acoeltrometar 
data,  ia  that  when  working,  crewmen  make  yawing  head  awvemeote  vary  frequently,  and  certainly  make  amny  mora 
head  movamante  in  pitch  than  in  coll.  Aa  the  ccavman'a  axparitnoe  in  taro  g  davelopa,  adaptation  to  apace 
dicknaaa  might  be  expected  to  occur  firat  to  thoae  head  atovemanta  which  are  aaoat  frequently  aaade. 


2,  Tiaual  Orientation  Cuea 

In  the  brief  waightlaaaneaa  of  parabolic  flight,  vieual  cuea  ara  known  (Safe.  18,  19)  to  play  an  important 
role  in  apatial  orientation:  there  ia  a  general  tendency  to  feel  that  one't  own  feet  define  the  direction  of 
"down",  particularly  whan  they  are  in  view,  and  there  ara  no  familiar  vieual  cuea  pratent  defining  a 
"vertical". 

Aa  noted  earlier  in  the  Overview,  Subject  A  found  cloning  the  eyea  made  him  feel  better,  at  did  Subject  B, 
provided  that  he  had  tactile  cuea  which  indioatad  hie  body  waa  not  moving.  Subject  B  noticed  ocoaaional. 
oacillopaia  on  hopping  and  head  turning.  Oacillopaia  gradually  faded  during  the  miaeion,  but  Subject  B 
noticed  it  waa  atill  praeent  in  roll  on  MD  8.  All  of  our  aubjecta  ngeead  vition  played  a  major  role  in 
apatial  orientation  on  orbit,  and  the  aymptomatie  aubjecta  felt  that  unfamiliar  vieual  cuea  ware  diaorienting 
and  potentially  provocative. 

Subject  8  recalled  that  aaaing  a  familiar  vieual  aoane  inverted  waa  botharaomet  "Hy  bunk  waa  the  bottom  one, 
and  [the  two  of  ua  who  uaed  it]  were  hanging  upaide  down  like  a  bat  hanging  from  the  ceilinn.  1  found  that 
diacraaaing  for  the  firat  couple  of  daya..I'd  look  out  there  in  the  morning  and  I'd  aea  the  orbitar  [aid  deck 
areal  all  upaide  down.  That  waa  very  diaconcerting."  Subject  0  agreed  with  tbia  aaaetemaut. 

Subject  B  felt  that  "[Early  in  the  miaaion]  I  realty  naedad  a  good  vertical  feeling,  a  good  optical  "down". 

It  waa  really  diatraealng  whan  [Subject  D]  came  floating  into  the  [Spacelab]  module  upaide  down  and  tumbling 
and  thinga  -  that  really  didn't  ait  too  well  with  By  own  perception  of  Bpacelab  and  the  way  thinga  ought  to 
ba,,."  "  I  ..felt  like  I  needed  a  real  vieual  'down',  and  it  waa  the  floDr...aud  1  didn't  really  have  one  of 
my  own." 
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AcynptOMtic  Subject  D  obaarved  that  "Spacalab  ia  vary  {aalliar.  Xt'a  got  atrong  vertical  oriaatatioa,  ao 
leelng  another  crewman  [in  an  unuaual  orientation],  if  1  waa  in  the  nonnal  orientation  to  my  mind  liad  no 
effect  whateoever  on  ae  at  all.  [hut]  when  I  had  rotated' [in]  the  Spacelab  or  [in]  the  orhiter  into  eome 
other  attitude, ,  .and  had  decided  to  aaka  the  calling  the  floor...  aaeing  another  crewnan  in  the  other 
orientatioc,  the  'proper'  orientation.,  tended  to  break  the  illuaien...  Tha  architectural  'imprint'  of 
Spacelab  [in  your  aindl  le  vary  atrong,  becauaa  you  have  worked  in  it  for  five  yeara,,.". 

In  a  llfetima  of  experience  on  earth,  one  beconaa  quite  need  to  aeeing  other  people  in  tha  familiar,  erect 
orientation  with  raapect  to  gravity.  We  have  frequently  obaarved  in  parabolic  flight,  where  thara  ia  no 
gravitoinartial  "down",  that  if  one  aeaa  another  pareon  in  an  "unuaual"  orientation  with  raapaet  to  ona'a  own 
body,  unlaaa  other  atrongly  oriented  viaual  cuaa  are  praaaat,  it  ia  not  unuaual  to  experianca  a  eudden 
"reorientation"  illuaion,  auch  that  the  aaen  peraon'a  feet  auddenly  define  tha  perceived  direction  of  "down", 
and  the  obaarvar  auddenly  faela  in  an  unuaual  orientation  with  raapect  to  him.  Uubjeet  B  apparently 
experienced  a  aimllar  viaually  triggered  reorientation  illuaion,  and  that  it  waa  aomawhat  provocative  it 
hardly  turpriting  iu  tha  context  of  conflict  theorlea  for  motion  tickneaa.  In  otbar  forma  of  motion 
aickneaa,  the  notion  cua  atimulua/  aynptom  raaponaa  ralationahip  le  uaually  only  apparent  when  the  aubject  la 
already  axpariencing  aynptona.  Subject  D  obvioualy  experiencod  the  illuaion,  but  only  when  ha  waa  inverted 
with  raapect  to  tha  Spacelab  floor.  Be  waa  aaynptamatic,  and  therefore  praaumebly  ahould  not  find  tha 
illuaion  provocative.  The  implication  of  reporta  auch  aa  thaaa  ia  obvioua:  larly  in  tha  flight  when 
crewaian  are  at  riak  of  tpaca  aieknaat,  all  crewnanbera,  aymptomatic  or  not,  ahould  try  to  remain  in 
"familiar"  one  g  oriantationa  when  practicable  ao  aa  to  raduoa  the  frequency  of  reorientation  illualona  in 
all  crewman.  Travel  through  areaa  with  ombiguoua  viaual  horiaontala  and  vartioala,  auch  aa  the  Spacelab 
tunnel  (or  analagoua  tunnela  in  a  apace  atatlon)  ahould  be  avoided  in  the  early  daya  on  orbit. 

Note  that  later  in  the  niaaion  (3/11:07)  when  Subject  B  had  become  largely  aaymptomatic ,  be  reported  "Today 
for  the  firat  tint  I  waa  really  able  Co  change  my  feeling  of  orientation  at  will.  Tor  tha  firat  atvartl 
daya,  it  waa  vary  important  to  maintain  myaalf  upright  with  raapaet  Co  tha  Spacelab.  Today... even  without 
druga  1  waa  able  to  obtain  any  orientation  1  felt  like," 

Subject  C  noted  that  "Iworking  uptlde  down  waa]  alot  of  fun  at  the  and  of  tha  miaaion,  but  for  the  firat  two 
daya,  it  ia  probably  a  amart  idea  to  create  an  'optical'  down,  becauaa  all  the  lobala  era  orlantad  the  aama 
way,  tha  diaplaya  are  made  to  be  read  that  way..." 

Having  about  freely  and  efficiently  in  weightlaeannaa  apparently  can  trigger  viaual  raorlantation  aanaationa 
with  aone  frequency.  Subject  D  commented  that  for  him,  "Ona  of  the  delightful  illualona  ia  to  turn  tha  rooma 
on  their  aidaa  or  upaide  down  -  to  reorient  'down',,.  The  tunnel  ia  a  big  help  for  that,  haenuae  it  givea 
you  a  good  place  to  change  orlantation  without  being  nwara  of  it.  Even  accidentally,  you  were  fraquantly 
caught  working  on  a  teak  or  aomething,  and  apparently  reorienting  your  'down'  without  thinking  about  it,  and 
then  turning  away,  and  finding  that  tha  whole  room  waa  cMpletnly  oattywompua  to  what  you  thought  it  waa..." 

If  a  viaw  of  the  earth  ie  available,  it  may  aleo  play  a  rola  in  viaual  raoriantation  apiaodea.  it  B/U:43, 
Subject  B  Gomnantad  [Hy  ehift  partner]  and  1  felt  it  waa  vbry  difficult...  to  wake  the  ceiling  be  "down" 
unleae  you  really  cheat  by  looking  [up]  out  the  window  and  aea  the  earth  down  below  and  then  you  aay  '  yea, 
[the  ceiling]  ia  down'. 

On  earlier  Shuttle  miaaions,  there  were  oceaaional  reporta  that  if  the  earth  waa  aeon  in  an  unfamiliar  or 
unexpected  orlantation,  it  could  produca  and  inoreaao  in  aymptoma,  and  in  one  caae  may  have  provoked 
vomiting.  Similar  aanaationa  have  bean  noted  after  a  period  of  window  viewing  when  ahifting  the  gaae  back 
inaide  the  vehicle.  On  Spacalab  1,  our  eubjecta  oocaaionally  axperienced  reorientation  illuaiona  whan  they 
looked  at  the  earth,  but  did  not  find  them  particularly  provocative.  However,  the  acienoe  craw  bad  little 
time  to  look  ab  the  earth  until  tha  aeoond  half  of  the  flight.  Subject  B:  "whan  1  waa  looking  at  tha 
earth...  I  wantad  to  orient  myaalf  ao  that  1  waa  looking  at  lit]  from  above  aomabow.  Bo  1  would  twlat 
myaalf  around  ao  that  the  earth  waa  along  my  [e]  Z  axia.  Bo  I'd  firat  orient  myaalf  at  a  window  and  gat  net 
tbara..[aol  that  whatever  I  waa  looking  at  wap  vertical,  and  tha  earth  waa  down  below,."  "  [Whan  I  looked 
back  inaide  tha  Spacelab]  X  never  got  a  twinge.  ...I  didn't  look  out  the  firat  couple  of  daya. .[Early  in  the 
miaaion,]  I'd  catch  a  glimpae  of  the  earth,  and  I  knew  X  Juat  didn't  want  to  know  or  care  what  thu  apaceoraft 
attitude  waa,  X  wanted  to  really  concentrate  on  the  iuaida  eurrounda. 

3,  Tactile/Troprioeaptive  fluea  and  Faaaive  Body  Keatraintl 

In  parabolic  flight,  touch  and  preeaure  cuea,  alao  teraed  "agravic  contact  ouee"  (Kef.  18),  are  known  to  have 
a  profound  effect  on  apatial  orientation,  ia  noted  in  the  Overview,  our  three  aubjecta  who  experienced 
aymptoma  felt  that  forcea  paaaively  applied  to  tha  body  providing  touch  and  preaaure  cuaa  iedioating  that  the 
body  wae  not  moving  were  very  helpful  in  alleviating  aymptoma. 

Subject  B  noted  at  0/10:20  (during  Hop  and  Drop,  after  etopping  1  g  bopping  due  to  increaaing  aymptoma)  "it 
appaara  that  putting  tactile  cuaa  on  did  tend  to  help  to  aoma  extent,  ao  I'll  Juat  etand  bare  a  little  bit 
with  tha  buimeet  on  and  eee  if  that  belpa....it  appaara  that  free  fleeting  with  a  little  bit  of  tactile 
feeling  on  the  feet  ia  probably  about  the  awat  beneficial:  if  2  teb  (fhe  hungeea)  up  too  tight,  it  doaaan't 
feel  right,  and  if  you're  Juat  floating,  it  doeeen't  feel  right  either,  but  a  little  bit  of  tenaion  on  the 
feet  aeama  to  help  me  feel  better". 

Bowaver,  after  further  experience,  be  reported  that  "wedging  in  la  better.  The  feeling  of  tactile  cuaa 
around  your  body,  that  you  are  not  floating  off  into  apace. .Tou  don't  naed  to  go  to  the  [trouble]  of  putting 
on  the  harueaa  and  attaching  the  bungeaa..."  "  Hhat  I  really  felt  waa  beat  wae  getting  back  in  the  [aft] 
cndcune  of  the  [Spacalab]  module  [and  wedge  myaalf  in  between  the  audoone  wall  and  the  Inet  Spacalab  rack.] 

X  had  good  preaaure  on  both  aidaa  of  me  to  give  am  good  atability,  and  it  wnan't  Juat  agaiuat  my  back,  dad  X 
waa  out  of  the  volume.  Ona  of  tha  awat  dlatreaaing  thinga  aeomad  to  be  that  big  voluan." 

Subject  B  tried  an  experiment  to  aaa  if  the  aame  affect  could  be  nebiaved  if  ha  actively  applied  the  tactile 
forcea  himaelti  it  3/11:03  (after  completion  of  the  provocative  teating,  while  fueling  "about  a  3")  ha  notad: 
"Xt'a  uaually  more  provocative  trying  to  hold  youraelf  down  agaiuat  eomething  flat  rather  than  it  ia  Juat  to 
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wedge  yourself  into  the  corner  or  get  e  bunch  of  tectile  cues  around  your  body.  I  try  to  press  myself  down 
into  the  sitting  position,  and  it  feels  very  awkward  and  uncomfortable  and  provokes  slight  stomach 
awareness 

None  of  our  subjects  tried  strapping  into  a  spacecraft  seat.  However,  Subject  C  recalled  that  when  he 
strapped  into  the  Body  Restraint  System  seat  used  in  the  European  Vestibular  EnperiueDts,  he  ''immediately 
felt  better." 

Subjects  k  and  B  sought  relief  by  wedging  themselves  into  their  bunks.  Subject  B:  "I  would  get  in  the  bunk, 
and  bring  my  knees  up  to  my  chest,  and  push  them  against  the  door,  and  push  my  back  up  agsihat  the  wall,  end 

get  myself  really  sat  in  there.  (Subject  X  "So  did  1")  "  That  felt  slot  better  -  X  liked  that.  You  knew  you 

wecan't  moving  and  rotating  around.  Closing  my  ayes  and  floating  was  really  bad."  "  1  slept  like  that  for 
two  nights.  Good  parts  of  the  night,  I'd  wake  up  froai  a  fitful  sleep,  and  you'd  say;  'something  doesen't 
feel  right',  and  kind  of  scrunch  around  and  gat  tre]wadgad  in."  "Curing  the  night,  it  seemed  to  really  help 
to  have  my  head  velcroed  down  to  the  pillow  -  that  made  me  sleep  slot  better".  "First  couple  of  nights,  1 
didn't  [read]  or  anything  [in  the  bunk.].  Just  crewlad  in  there  and  triad  to  go  to  sleep,  kind  of 
uncomfortable,  and  it  took  me  awhile  to  go  to  sleep,  with  all  the  strange  feelings.  But  by  the  3rd  day,  I'd 
get  the  [crew  activity  plan  book],  the  stereo,  and  make  tome  notes." 

At  3/21:55,  Subject  B  observed:  "[1]  had  a  good  night  sleep  last  night  with  ear  plugs,  and  for  the  first  time 

last  night  X  was  sbla  to  sleep  free  floating  without  having  to  be  tied  down  with  the  bead  band  and  body 

straps  -  to  it's  much  better  eleep". 

Subject  D  communted  "X  think  the  bunks  ere  deficient  in  their  design,,  they  have  air  long  smooth  eidae,  they 
don't  provide  any  real  naans  of  wedging  yourself  in. ..Find  a  place  where  you  can  wedge  yourself,,  where  the 
muscles  in  your  legs  and  your  back  can  just  relax.  Subject  A.  added:  "[the  bunks]  have  two  straps,  which  are 
intended  to  work.  But  by  the  time  X  pulled  the  strap  over  to  make  it  tight,  the  velcro  miaaes. 

If  our  eubjecte'  experienoei  are  representative,  then  it  aaema  clear  that  appropriately  designed  body 
restraints  can  be  of  value  in  alleviating  symptoms  of  apace  sickness.  The  design  objective  need  not  be  to 
provide  an  artifieal  "gravity"  cue  so  much  as  to  provide  comfortably  firm  immobilisation  of  the  trunk,  upper 
legs  and  -  optionally  -  the  head.  As  such  s  restraint  is  most  useful  in  treatment,  it  mutt  require  a  Minimum 
of  physical  activity  to  deploy  and  strap  into.  Ybe  restraint  should  be  located  away  from  windows  and 
oriented  so  that  all  objects  viewed  by  the  subject  are  seen  in  their  familiar  orientation.  Ideally,  it  might 
be  Iccatad  so  that  a  orswman  using  it  could  acoompliah  uaeful  manual  tasks  if  ha  felt  up  to  it.  Flight  deck 
eaata  are  inappropriate  unless  the  eyas  are  kept  closed  baoausa  of  the  large  number  of  windows.  Mid-deck 
Seats,  perhaps  equipped  with  thigh,  waist,  and  shoulder  straps  could  conceivably  be  used  for  body  taetraint. 
Unfortunately,  these  seats  impede  normal  activities,  and  ara  normally  stowed  after  reaching  orbit.  The 
physical  movement  required  to  set  one  up  again  is  a  negative  factor.  With  thoughtful  Mdifloations  and 
physical  reorientation,  tha  existing  mid-deck  bunks  could  probably  made  to  serve  this  purpose  bettar. 

Another  possibility  is  tha  saro-g  toilet,  which  is  in  an  enclosed  area,  and  is  currently  equipped  with  straps 
and  thigh  bars  to  restrain  the  lower  body.  An  additional  torso  strap  might  be  helpful,  la  Spscelsb,  tbs 
cotnars  hetwean  the  racks  snd  ths  endcones  ara  demonstrably  usable,  and  allow  a  crawmaa  to  remala  in  the 
laboratory  and  in  touch  with  activities  there.  Using  then  instead  of  tha  bunks  ellminatae  two  trips  through 
the  tunnel,  which  can  be  ptovocativa.  In  the  design  of  space  stations,  soma  forethought  should  obviously  be 
given  to  placaaent  of  such  restraint  areas.  On  the  basis  of  ths  foregoing,  one  would  expect  that  the 

elastic  neck  restraint  cap  ("MFSA")  and  tha  foot  insole  oountarpreesure  dsvioe  (Ref.  17)  and  ths  "Penguin" 
alasticised  suit  (Yagorov)  being  evaluated  by  Soviet  cosmonauta  should  be  less  effective  than  "wedging  in". 
These  devices,  which  provide  tactile  cues  and/or  passive  stress  on  anti-gravity  muscles  by  loading  the  body 
in  a  head  to  foot  direction  do  not  prevent  body  novament  with  respect  to  the  spacecraft, 

4.  Epigastric  Discomfort: 

Ttiere  have  been  reports  in  tha  Soviet  literature  (a.g.  Ref.  16,  p.5)  that  cosswnauts  sxperisneed  "an 
unpleasant  sensation  of  heaviness  in  tha  epigastric  region,  and  a  feeling  of  'elevation'  of  the  stomach  in 
the  initsl  stags  [of  sickness]".  In  previous  NASA  flights,  tbara  nave  been  a  few  reports  of  "wet  burping". 
Interpretation  of  subjectiva  reports  is  complicated  by  the  fact  that  soma  subjects  experiencing  m>:tioa 
sickness  symptoms  under  conditions  which  sre  not  associated  with  weightlessness  also  frequently  report 
"tubstsrnsl  pressuro"  and  "constricted"  feelings  in  the  chest  (Ref.  4,  p.  46).  In  out  study,  Bubjact  B  was 
one  of  tbasa. 

Subject  A,  in  debriefing,  coeaientad  that  "Your  stomach  feels  like  it  really  baa  shifted  up  -  your  guts  move 
up  into  your  thoraic  cavity...  You  have  the  same  ssnaa  in  o  aero-C  airplane;  exactly  the  aame  feeling,.  It's 
not  particularly  uncoaifortsbla,  but  it  can  be  a  contributing  factor  to  the  whole  'sickness  syndrome'." 

"tttten  I  vomited  ],I  was  surprised  st  the  volume  of  liquid  that  I  had  available  to  throw  up.  I  thought  that 
after  throwing  up  once  that  I  couldn't  have  anything  else  in  my  stomach,  but  1  did,  basically  liquid." 
"..after  you  feel  better,  you  can  burp.  There  ia  no  problem  with  it." 

Subject  B  lagged  belching  as  a  symptom  during  i  first  3  days  of  tus  miseion,  with  particular  frequency 
during  the  first  3  days.  He  also  noted  repestsuly,  beginning  at  0/07:09,  and  continuing  through  his  5/10:50 
report  that  be  had  stomach  uwaraness  "vary  high  up  in  tbs  eteruum.  It  feels  like  tha  whole  stosMch  has 
shifted  up".  In  postflight  debriefing,  he  commented  that  "I  did  have  a  fullnasa  in  the  uppar  stomach,  and  I 
had  this  for  the  first  3  or  4  days.  It  was  like  everything  ia  my  stomach  was  up  undameath  my  sternum:  a 
vary  uncomfortable  feeling.  It  felt  like  lots  of  times  X  wanted  to  burp,  which  ia  one  of  my  syxptoms,  but 
[frequently]  1  just  couldn't  burp  baesuse  [it  felt  like]  tha  sir  bubbla  was  in  tha  middle  of  my  stomach  and 
all  ths  fluid  wsi)  around  both  ends.  It  was  really  uncomfortabla,  and  I  couldn't  sasmi  to  gat  rid  of  that 
sensation  at  all."  Subject  V  fait  that  this  dieocmfort  contributed  to  tha  value  of  bis  overall  discomfort 
scores  shown  in  Figures  2  and  3.  This  discomfort  wee  sccantuated  nt  1/00:30,  whan  Subject  1  took  a  Raglan 
dose,  and  subseqantly  noted  a  faallng  of  "tightening  up*  in  his  abdomen.  On  the  third  day,  ha  noted  that  hit 
stomach  and  abdominal  musolas  felt  somewhat  sensitive  to  palpatatlon,  and  this  disappoarad  by  tha  middle  of 
tha  5tb  day.  However,  at  8/23:20,  when  partorming  tha  provocative  motion  sickness  test,  be  reported  "it  is 
pretty  difficult  to  touch  my  forehead  to  my  knee  because  [my  stomach]  muaclaa  are  tender  down  thara,  and  1 
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don't  want  to  bend  that  nuch." 


During  the  debriefing,  Subject  D  did  not  recall  feeling  that  bla  atosacb  had  lifted  up,  or  that  he  bad  any 
difficulty  burping,  or  a  bubble  in  the  «iddle  of  hie  atcMch  or  *«et*  burpa.  **  Tuo  or  three  daya  towarda  the 
begiuhing,  1  aay  have  had  a  'four  atoucb'«  kt  the  tine,  1  think  1  partially  attributed  that  to  the 
[hydrogen  conteninated]  eater,  but  it  wasn't  like  the  atonach  awarenaaa  or  diacoaifort  toC  notion  aickneaa]. 
[lut]  it  could  have  been  tha  ona  notion  aickneia  aynpton  chat  I  bad.  [The  hydrogen  iu  the  water]  « .didn't 
taate  bad...  The  hydrogen  continued  through  the  niaeien  on  an  off,  but  it  waa  worat  on  days  2  and  3.  The 
hydrogen  continued. .but  thia  aour  atonach  did  not.” 


It  would  aurpriaing  if  there  wet  not  tone  roetral  ahifting  of  the  abdoninel  organa  on  orbit  due  to  the 
ebaence  of  nomal  gravitationei  loading,  given  that  tha  atonach  and  inteatinea  are  noraally  nechaoioally 
auapended  by  the  onantun  and  meaontcry.  Shift  of  interatitial  fluid  into  the  thoracic  cavity  night  alao  ba  a 
contributor  to  the  aubjectlve  effect.  Hechanical  atinulation  of  abdoninal  organa  can  trigger  nauaea  and 
vonitlng  in  certain  eituationa,  and  abdoninal  get  and  overeating  art  fanillaT  cauaea  of  atonach  diseonfort 
end  nauaea.  In  the  extreme,  groaa  diatcntlon  of  the  atonach  or  duodenum  by  very  high  preaaurea  can  lead  to 
vomiting  (Rtf.  20).  Alao,  under  nomogravic  conditiona,  gaa  introduced  into  the  atonach  by  awallowing  or 
digaation  night  phyaically  be  expected  to  riae  to  the  fundua  and  aaophagua,  and  evantually  ba  relieved  by 
burping.  However,  in  veightleaantaa,  the  abaence  of  buoyant  forces  on  gaa  bubblea  could  conceivably  result 
in  a  tendency  for  gaa  bubblea  to  reauin  trapped  in  the  atonach,  and  for  burping  to  produce  gaatro-eaophageal 
reflux,  'S#et  burping",  and  aenaationa  of  heartburn  and  etonacb  dlaeomforc  in  tone  aubjeett.  The  behavior  of 
the  abdoninal  organa  and  of  food,  fluid  and  gaa  within  haa  not  yet  been  ayatenatically  atudied  in 
weightleaaneas,  but  perhapa  should  he.  Although  the  evidence  relating  tha  etiology  of  apace  aiokneaa  to 
other  forma  of  notion  aickaeaa  ia  now  atrong,  we  believe  it  is  inportant  to  datermine  wbathec  apacial  "gut" 
factors  exist  in  apace  aicknesa  which  are  unique  to  weight leeaneaa,  and  the  extent  to  which  theaa  contribute 
to  nauaea,  vomiting,  and  other  aynptona  in  indlviduel  eaaea.  However,  it  seema  to  us  unlikely  that  these 
factors  play  a  doninaot  role  in  space  aicknesa,  given  the  deaK>nBtrated  iaportanee  of  haad  novenenta  and 
various  orientation  aenaory  cues  in  determining  the  time  course  of  malaise.  As  Subject  C  put  it  "you  would 
think  that  the  action  aicknesa  problem  [then]  abould  have  the  same  tiate  couxae  as  the  fluid  shift  problem, 
but  it  aimply  does  not." 


Eft.ctiven.n  sL  fh.nmcologic.l  Couat.rme.iur.i; 

Drug,  which  have  bt.n  nploy.d  in  an  attwpt  ho  piavant  or  control  apace  licknaaa  hiva  g.nacally  baan  thoia 
known  to  ba  affactiva  againat  motion  aicknaaa  on  earth.  Bowavar,  thalr  afficacy  bat  provan  vary  difficult  to 
avaluat.  undar  oparational  conditiona.  For  axampla,  3  of  5  Bkylab  aatronauta  who  took  drugt  on  MS  0 
axpatiancad  incraaaad  aymptoma  latar  that  taaa  day  (taf.l).  Flacabo  affact  it  alto  a  potential  probltia, 
bicauat  tubjacta  arc  aware  of  exactly  whicb  druga  ara  being  taken.  It  may  be  tbit  tb.  uia  of  drugt  tlmply 
rtlt.B  the  ticknitt  thrcthold,  and  undar  uncontrollad  conditiona.  crewman  aijnply  make  a  greater  number  of 
provocetive  head  movementt  before  becoming  frenkly  ill. 


Teble  II  tuamaxiaei  the  anti-motion  ilckncaa  drug  doaaa  tidian  by  out  aubjeett  on  orbitt 

TABU  II 

PUABHACOLOGICAL  COUNIIkllEASVRlS  AGAIM8T  SPACE  SICKNESS 
SPACELAB  1 


Keys 

S/D  •  0,4  mg  icopolimine/l.S  mg  dexedrlue 
P/E  -  23  mg  proaetbtiine/23  mg  Ephedrine 
REG  •  iO  mg  metoclopramide  (Keglan) 


Subject  A:  S/D 

0/00:23 

Subject  B:  B/D 

0/04:09 

Subject  S  S/D 

0/00:20 

8/D 

0/03:30 

8/D 

0/22:30 

S/D 

0/05:00 

S/D 

0/21:15 

EEC 

0/00:30 

B/D 

0/10:00 

8/D 

1/02:20 

S/D 

1/04:30 

B/D 

1/00:00 

EEC 

1/04:30 

S/D 

1/10:34 

8/D 

1/08:00 

EEC 

1/10:15 

8/D 

1/21:05 

8/D 

2/OS:OOt 

S/D 

1/20:20 

EEC 

1/21:05 

S/D 

2/02:11 

8/D 

2/02:14 

S/D 

2/07:15 

8/D 

2/08:30 

8/D 

3/01:20 

Subject  C:  F/E 

1/01:10 

Although  ell  4  of  our  crewmen  teok  drugt,  and  3  tubtcquently  txpeclanced  tymptomi,  the  3  lymptomxtic  crewmen 
bed  the  dlttlnct  impreetlon  thet  certaiu  of  the  druge  they  took  were  helpful  ia  reducing  their  overell 
dlecomfort.  Alto,  date  on  the  relative  frequane:’  of  vomiting  apitodei  with  end  without  ecop/dex  it 
conalttont  with  the  notion  that  tbia  drug,  bnown  to  be  effective  egainet  other  forma  of  motion  aiekneaa, 
reducet  the  incidence  of  vomiting  in  space  alcknaeet  As  indicated  in  Table  II,  three  aubjeett  took  teop/dax 
frequently  over  e  2-4  day  period.  If  experience  ia  1-  g  is  a  guide,  aegp/dex  it  moat  effective  ia  the  period 
3/4  ht  uatll  4  hr  after  adminlitration.  3  out  of  4  of  Subject  A's  vomiting  epiaodes,  and  3  out  of  (  of 
Subject  I'l  epitodet  (tee  ligi.  243)  took  place  outside  of  thia  period  of  preauaad  affactivaneaa.  For 
Subject  1,  the  aiagla  axcaptiou  waa  on  HD  0,  whan  ha  vomited  aome  three  boura  after  taking  aoop/dax.  Subject 
A  took  acop/dtx  at  1/02120,  and  vomited  at  about  1/04:00.  Subject  D,  who  alao  uaad  aeop/dax,  waa 
acymptomatie  the  entire  tiM.  Subject  0  bad  not  taken  any  druga  prior  to  hie  2  vomiting  apiaodaa  on  HDO.  Ha 
aubaaquaatly  took  promathaalaa/apbadrina  once  at  th.  and  of  bl.  aacond  full  working  day.  Bio  impraailon  waa 
that  it  "oattainly  had  aoma  affact"  in  reducing  hie  aymptoma  hafora  ba  retired . 

In  svaluetiag  drug  effeetiveneei,  we  believe  it  le  important  to  keep  in  mind  that  the  protection  conferred  by 
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a  drug  1(  a  uttac  of  dagrec,  and  no  ding  haa  baan  found  for  notion  tickntaa,  lat  alona  apact  aicknaaa,  which 
acta  aa  a  ^‘ailvat  bullat”,  totally  pravanting  aicknaaa  in  avaryona.  Civan  tbia,  we  baliava  that  our  3 
aubjacta'  axpariancaa  -  at  laaat  with  acop/daa,  and  poaaibly  with  pronathaaine/aphadrina  -  ara  ancouraging. 
Conaldaring  tba  nunbar  of  acop/dax  doaaa  taken  in  aucoaaaion,  it  ia  alao  noteworthy  that  aiguificant  aida 
affaeta  (other  than  dry  noutb)  wart  not  raportad* 

Matoc lopranida  HCl  10  ag.  (BaglaUi  Sobbina)  it  a  dopaaina  antagoniat  known  to  incraaaa  tha  aaplituda  of 
gaatric  contractioat  and  tha  tone  of  tha  aaophagaal  aphinctar,  relax  the  pyloric  aphinctar,  and  incraaaa 
pariatalaia  of  tha  duodenua.  Ita  convantional  clinical  uaa  ia  to  atlaulata  gaatric  anptying.  However,  ita 
uaa  againat  notion  aiefcnata  haa  bean  advocated  by  aevaral  workert,  and  it  waa  inforaally  avaluatad  on  a 
previoua  Hhuttla  flight  with  aoaa  apparent  auccaaa.  On  Hpacalab  1,  however,  neither  of  the  aubjacta  who 
triad  aatoelopraaida  ware  convinced  of  ita  affactivanaaa.  Bubjact  k  reported  that  after  bacoai^  frankly 
tick  for  tha  firat  tiaa  (at  about  l/04i00),  about  two  and  a  half  houra  later  "I  took  Raglan.. tba  laat 
acop/dax  waa  four  or  five  houra  earlier.  1  wanted  to  be  aura  Chare  waa  no  conflict  batvaan  tha  two.  1 

checked  for  bally  aounda,  found  tbay  ware  about  1/3  the  nornal  kind  of  notility  and  noiaaa,  and  thought 

'o.k.,  aayba  if  I  taka  that  Raglan,  thinga  wilt  anboida.  Took  tba  Raglan  [at  about  1/06 |25].  Ho 
change. ..and  I  got  alck  pronptly  thareaftar[,  and  again  at  about  1/08:25]  ..I  decided  that  the  Raglan  aayba 
hadn’t  bad  tine  to  abaorb.  Triad  it  one  aora  tire  (at  1/10:15];  got  aick  again  [about  30  -  45  ainutaa 
latar).  ...tha  raport  (fron  an  aarlier  ahuttla  flight]  waa  that  ita  [affaot]  waa  alaoat  inatantaneoua,  that 
you  taka  that  atuff  and  right  off  you  begin  to  faal  hactur.  It  didn't  (work  that  way]  (or  m. 

Subject  B  took  Raglan  twice,  in  coabination  with  acop/dax.  Ha  daacribad  hia  axparianca  thia  wey  (c.f.  »4. 
2):  "Tha  aecond  day,  I  woka  up,  and  dacidad  to  nadicata.  So  I  took  a  acop/dax.  About  a  half  and  hour  latar, 

1  want  in  [to  Spacalab]  and  waa  getting  to  do  tha  blood  drawa,  and  1  raaliaad  1  waan’t  (aaliag  too  great.  (  I 

don't  think  tha  acop/dax  raally  had  tiaa  to  work.)  I  threw  up  there.  And  than  I  aaid,  'ok,  auiyba  I'll  try 
a  Raglan',.,  That  gave  na  aona  unconfortabla  faalinga  in  ny  atonacb. , . .like  ay  anaclaa  ware  raally 
tightening  up  in  ny  atocMCh  and  lower  abdoaon.  I  praaaad  ou.  And  about  5  houra  latar,  I  took  a  acop/dax, 
•rhiGh  waa  halfway  through  tha  day. ...I  could  Call  that  5  to  6  houra  waa  the  tiaa  couraa. 

At  1/8:53,  Bubjact  B  noted  "  I  haven't  raally  baan  limiting  my  notiona  or  activitiaa  lately.  Her  have  I 
tried  to  maintain  any  apacifiad  orientation  with  tha  Spacalab  racantly."  In  tba  dabriafisg,  ha  continued: 
"...all  of  a  audden  I  could  tall  ny  aymptoaa  ware  going  up  and  I  waa  faaling  woraa.  [Shortly  tbaraaftar,  1 
vomited  again]  ..Tima  for  another  pill.  So  [I  think  acop/dax]  dafinitaly  balpad  me,  and  I  waa  able  to  kaap 
working...  Tha  third  day,  I  woka  up  in  tha  morning,  and..l  took  a  Saglan  and  a  acop/dax  almoat 
alaultanaoualy.,,1  took  two  mora  acop/dax  that  day,  one  at  mid  ahift,  and  one  about  the  time  of  gatting  off 
work. 

It  ahould  ha  noted  that  tba  affect  of  Raglan  on  motility  can  bo  aboliabad  by  anticholinergic  druga,  ao  taking 
Raglan  in  coabination  with  acopolamina  may  have  compromiaad  Subject  B'a  trial  to  aona  dagraa. 


Motion  Sicknaaa  Svmotoma  and  Siana  Obaarved 
1,  Subject  B  Huanary; 

An  indicatiun  of  tha  individual  aymptoma  and  aigha  axpariancad  by  Subject  B  during  tba  firat  two  daya  of  the 
miaaion  can  ba  ofatainad  from  Table  III  below.  (Sauaaa  and  vomiting  apiaodaa  wara  not  included  in  Tabla  III, 
nor  waa  apigaatrie  awarenaai  and  diaconforc,  which  waa  alaoat  continuoua  during  tbia  period.)  A  conpariaon 
with  Table  I  danonatrataa  that  that  palmar  awaating,  dry  lipa,  flatulanea,  balchingi,  and  yawning  wara  aaan  ia 
both  motion  aicknaaa  and  apaca  aicknaaa  in  thia  aubjact.  (In  praf light  teatlag,  on  did  not  ayataautieally 
aak  about  tba  dagraa  of  apathy  and  concentration  im^imaut,  although  thaaa  era  fraguant  aynptoma  of  notion 
aicknaaa  (Raf.  3),  Bowavar,  they  wara  a  flight  checkliat  item,  and  Subject  B  reported  than  with  aona 
frequency  on  orbit.) 


TAILS  III 

rsiquBMCY  or  stmftoms  aid  8.1  ess  ddbihc  sb>  o-l 
(Suaibar  of  raporta  in  4S  hr.  by  Subject  B) 


Bandacha  11 
Cold  awi-ating  (palma)  10 
Dry  lipa  7 
Sanaltivity  to  aanaory  atianili  7 
rlatulanca  6 
Belching  5 
Tawning  5 
Apathy  5 
Concentration  (impaired)  4 
Anoraxin  4 
Diaainana/diioriantation  3 
Sttbjactiva  warmth  3 
Drowainaaa  2 
Baapiration  changaa  0 
Pallor  0 


a  Bote:  Subject  B  reported  baadaoba  due  to 
axtendad  wear  of  accalarcaMtar  headband 


Our  aubjact  who  bad  axpariancad  apaca  aicknaaa  on  Skytab  aaid  that  hia  ayaq^tcmi  and  aigna  la  Spacalab  wara 
similar,  axcapt  that  ha  had  not  vaiiitad  on  hia  previous  span*  flight. 
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It  !•  Interesting  that  drovsinitt,  which  is  frequently  observed  in  other  fonts  of  notion  sickness,  vss  not 
mentioned  si  a  prominent  symptom.  We  suspect  that  any  tendencies  toward  drowsiness  isay  have  bean  cushioned 
by  the  anti-motion  sickness  medications  taken  by  our  subjects,  by  their  demonstrably  high  level  of  motivation 
and  intsreet  in  completing  the  experiments,  by  their  frequent  constant  voice  coaMnicstlon  with  the  ground, 
and  because  they  frequently  worked  interactively  with  other  creinsan. 

Overall,  our  3  sys:ptoautic  subjects  felt  Chat  the  majority  of  the  symptosu  and  signs  they  axpariencad  were 
similar  Co  Chose  encountered  in  prsflight  training.  Uowaver,  significant  exceptions  wara  also  noted  which 
ere  diecueesd  below. 


2.  Nausae  and  Vomiting: 

Bubjacta  A  and  1  vomited  repeatedly  in  the  Spicalab,  but  apparently  always  had  sufficient  warning  to  suve  out 
of  tha  field  of  view  of  Che  video  caanree. 

Subject  A  reported:  “It  gradually  built  up.  I  could  feal  it  caning,  linally  I'd  have  to  decide  'o.k.  well. 
I'm  just  not  going  to  be  able  to  aupprasc  it  anymore',  and  an  1  would  atop  for  five  minutaa,  throw  up,  take 
care  of  the  bag,  and  get  beck  to  it.,, It  waa  never  unexpected;  I  was  never  caught  unawares.” 

However,  subject  B  vat  aurpriaed  that  the  crescendo  of  prndronal  nausea  prior  to  vomiting  seemed  to  occur 
eurprieingly  quickly,  as  coupared  to  his  previous  axpecloaca: 

Subject  B:  “Unlike  hare  on  the  ground  where  things  tend  Co  building  up  -  I've  baan  sick  alot  on  tha  ground 
for  different  rstaons . , , it ' s  different  in  the  cense  that  you  are  alcting  there  and  you  are  not  feeling  really 
great  but  you've  been  feeling  that  way  for  an  hour  or  an  hour  and  a  half,  and  things  havan't  really  changed, 
and  then  all  of  a  sudden,  it's. .a  one  or  two  ninuta  warning.  You  say:  'I've  got  to  stop  doing  what  I'm 
doing',  and  then  it's  like  you've  gone  over  tha  dam..eud  you  reach  for  the  bag.  It's  over  in  a  minute.  And 
I  fait  much  batter  every  time  after  I  threw  up...  And  than  gat  back  to  work..  Tas,  it  did  [fael  like  a 

normal  nausea  aanaationl,  but  it  was  raally  fast.  If  1  have  atonach  flu,  you  juat  sort  of  sit  there  and  feel 

nauseous  for  hours,  and  you're  not  aura  if  you  are  going  to  throw  up  or  not.  It  waan't  this  way.  I  wasn't 
nauseous,  I  just  had  stonsch  discomfort.  It  just  didn't  feal  right,  and  I  was  doing  things  to  keep  my 
activity  down.  But  1  don't  think  I  raally  alosred  down  until  2-S  minutes  befors  I  vomited.  And  st  that 
point,  you  say!  'Oh,  I  think  I  batter  take  it  easy'  and  than  the  next  thing  you  know,  you've  gona  beyond  the 
point  of  no  return.” 

Subject  C  had  no  axparienoa  on  which  to  base  a  comparison,  but  he  also  raportad  little  warning  before  hie 
episode  of  vomiting:  "1  hsve  really  no  way  to  tall  you,  bMause  in  spite  of  all  the  things  I  have  dona  in  ay 
life,  [prior  to  this  flight]  I  have  never  managed  to  vomit  (when  sKttion  sick].  And  [the  space  sicknassl  was 
probably  tha  only  two  times  in  my  life  that  I  (recall)  vomiting  aver. ..I  esunot  tell  you  (if  there  was  nausea 
assaciatad  with  it].  The  way  it  feals  is:  just  a  few  aaconde  befors  it  starts,  you  feal  this  stuff  sitting 

(in  your  throat].. You  bite  it  e  little  while,  and  Chen  give  up.  And  the  moment  you  [vomit]  you  feel  much 

better. 

All  three  subjects  who  vomited  always  experienced  relief  afterwards.  The  eborteet  time  between  vomiting 
episodes  reported  by  Subject  B  was  spproximataly  SO  minutes, 

"Sudden”  vomiting  with  only  very  brief  prodromal  nsuesa  has  bean  oocaeioually  reported  on  esrliar  missions 
(lef.  7),  and  has  lead  to  (unpublished)  speculation  by  sons  that  since  vomiting  in  space  aieknasa  can 
apparently  have  no  prodrome  at  ell,  that  tbarefors  tbs  etiology  of  vomiting  in  space  sickness  must  somehow  be 
totally  different  than  in  motion  eiekness.  However,  Wa  believe  eevaral  facts  argue  agaiaet  this  view: 

First,  sll  three  of  cur  symptoiutic  subjects  reported  prodromal  overall  subjective  discomfort  prior  to  tha 
onset  of  nausea  end  vomiting.  The  extant  of  this  prodcoas  is  exemplified  by  Subject  I'e  data  in  Figures  2 
and  3.  Second,  there  is  some  evidence  (kef.  21)  that  "avalanching”  of  symptoms  just  prior  to  vomiting  is 
more  characteristic  in  individuals  who  are  highly  reeiscant  Co  iw>tioo  sickness  stimuli.  (Indeed,  on  the 
basis  of  the  preflight  data  in  table  1  for  Subjects  A,B,  and  C,  in  which  Subject  C  appeared  least  susceptible 
and  Subject  A  more  suscaptibla,  one  might  have  predicted  the  individual  diffsrencss  in  evalanohing  pattern 
seen.)  Thirdly,  "euddan”  vomiting  of  the  type  described  by  our  subjects  is  also  raminiscant  of  that 
frequently  observed  with  relatively  long  duration  provocative  stimulation,  for  exampla,  as  in  saasickness  on 
oesen  liners.  Ocean  travel  end  seasickneea  is  much  less  eomeion  today  than  it  once  was.  The  majority  of 
recent  clinical  and  resssreb  experience  with  motion  eleknese  involves  stimulation  over  minutes  to  hours,  not 
days,  and  use  symptom  endpoints  short  of  vomiting.  Certainly  our  subjects'  impression  of  what  constituted 
their  "noraul"  prodrosul  pattern  undoubtedly  was  determined  by  their  previous  experience  end  the  type  of 
stimuli  we  used  in  training.  Half  e  century  ago,  abips'  awdical  officers  frequently  noted  that  sudden 
vomiting  was  quite  typical  of  saaaicknasa  on  long  passages.  In  bis  classic  clinical  paper  Dasnoes  (kef,  22) 
noted  that  "vomiting  is  very  often  projectile  in  character,  and  them  may  be  little  or  no  nausea  preceding". 
In  108  cases  reviewed  by  Maitland  (kef.  23),  34  vomited  without  reporting  naussa  first.  Hill  (kef.  2d) 
agreed  with  this  assssement.  It  is  intevest ing* that  Subject  A,  who  felt  hie  Space  sickness  nausea  built  up 
in  a  more  or  less  expected  fsehion,  bad  previously  served  in  tha  U.f.  Navy,  and  had  axpariencad  symptoms 
while  on  a  destroyer  in  a  hurricane.  Our  KIT  research  group's  raceat  axperlencs  in  testing  with  other  long 
duration,  "chronic”  provocative  stisMili  has  bean  that  after  the  onset  of  first  ayuptoms,  the  "dynamic"  of  the 
subject's  response  changes  with  time  such  that  be  becomes  much  iK-rs  sensitive  to  stissulation.  Our  subjects 
maks  intervals  of  head  movements  over  a  1-2  hour  period  while  wearing  prism  goggles  or  while  in  a  rotating 
chair.  After  several  sys^tomatic  intervals,  subjects  geuerelly  find  they  can  make  far  fewer  heed  Mvaments 
without  voniting.  Ha  believe  that  "sudden  voaiitlng*  is  to  be  expected  in  space  olcknsev,  and  that 
additional  raasarch  is  needed  to  better  define  tha  difference  between  notion  sickness  raspoasea  to  short  and 
long  duration  stimulstion. 


3.  Cold  Iwaetiag! 

Cold  ewaating  is  a  oonsistant  symptom  of  motion  slckneae  (kef.  3),  and  wee  frequently  lean  in  labjects  A,  B 
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ind  C  in  preflight  notion  sickness  tests «  It  tans  spperently  been  reported  Soviet  cosnonauts  suffering  specs 
sickness  (Kef.  17). 

Subject  i  reported:  "I  sveet  eliaast  stros  I  could  Uve  eesily  vorn  one  shirt  for  the  uhole  flight".  On  the 
bssis  of  his  preflight  enpericncs  (lehle  I),  Subject  k.  ves  slightly  surprised  at  his  lack  of  svaatlngt  given 
the  intensity  of  his  other  synptosiu.  Subject  B  consistantly  reported  "cold,  clamsy  bands"  as  ha  bed  in 
several  prafUgbt  tests,  but  ebareas  sweating  on  tbs  backs  of  his  bends,  eras,  and  forehead  had  bean  noted  on 
occasion  In  training,  on  orbit,  awaatlag  on  the  renainder  of  his  body  apparently  raaained  at  insanslbla 
levels,  Houcvar,  the  appearance  of  sweat  is  notorioualy  dependent  on  anviroaasutal  factors.  It  nay  be 
relevant  that  the  aid-deck  was  subjectively  cold  during  the  first  two  days  of  the  aission,  and  the  Spacalab 
module  was  cold  (approa,  66  dag.  I)  and  dry  throughout  the  entire  flight.  In  sona  of  our  prefligbt  test 
cituations  ,  the  tsaperature  and  humidity  of  the  anvironsMnt  could  not  be  well  controlled,  and  in  one  case 
(the  cabin  of  the  device  used  for  horisontal  axis  rotation)  was  quits  wans,  and  conducive  to  tberaal 
aveating.  Vith  respect  to  Subject  B,  it  nay  bs  pertinent  that  the  physiology  and  tine  course  of  palsssr 
sweating  is  known  to  be  soaewhst  diffecant  then  that  seen  on  the  "theraal"  sweat  areas  of  the  ronaindar  of 
the  body  (kef.  25). 


6.  Fallors 

racial  pallor  is  one  of  the  moat  consistent  a4ns  observed  in  motion  siokness  (kefs.  3  6  4),  was  seen 
frequently  in  our  training  and  tasting  prsflight,  particularly  in  subjects  4  and  D,  and  has  bean  reported 
present  in  Salyut/Soyus  crawsMabavs  (kaf.  17).  However,  it  is  rapurtadly  difficult  to  observe  visually  on- 
orbit  (H.  Thornton,  personal  coimnioation).  This  could  perhaps  be  due  to  changes  in  skin  circulation 
patterns  caused  by  fluid  shift.  Therefore,  we  ware  not  particularly  surprised  that  pallor  was  not  notad 
visually  in  flight.  Subject  B  chsekad  for  pallor  in  himself  on  10  occasions  during  the  early  days  of  flight, 
always  with  negative  rasulta.  However,  in  postfllght  debriefing.  Subject  4,  reported  "I  definitely  saw 
[Subject  B]  with  pallor  while  'in  extremis'.  1  might  very  well  have  had  [it]  also.  [Subject  B]  definitely 
had  pallor  around  and  aasociated  with  vomiting  episodes." 

Ha  believe  it  is  important  to  verify  that  tone  degree  of  vasoconst rice  ion  tends  to  occur  ss  a  conslstant 
feature  of  space  aiekneas,  just  aa  it  does  in  notion  sicknaaa.  Sansitivs  alactrooptical  instrumentation 
suitable  for  monitoring  skin  pallor  in  aabulatory  subjects  is  under  development  at  Mil  for  use  in  this 
axparlmant  on  future  flights  (kef.  26). 


5.  Headache 

Headache  had  bean  occasionslly  notad  as  a  preflight  motion  sicknssa  sympton  in  Subjects  D,4,  and  3  (in 
decreasing  order  of  fraqueucy  -  tea  Table  I).  On  orbit,  Bubjeets  B  and  C  both  rapertad  slight  to  moderate 
hasdacbea,  but  believed  that  thase  were  largaly  dua  to  the  occipital  accslaronatar  packaga  tbay  wore,  which 
was  held  iu  place  by  a  cloth  headband  passing  over  tbs  brow.  The  haadachs  typically  davalopad  after  savaral 
hours  of  wear,  did  not  modulate  with  other  symptoms,  and  was  present  throughout  tbs  mission  wbanaver  the 
aecaleromatars  were  worn.  (The  accelaromstar  headbands  had  bean  notad  to  produce  haadaebas  during  prsflight 
experiment  simulatlonii  they  were  not  worn  during  preflight  motion  slcknasa  tests.  Tha  headband  is  being 
redesigned  for  future  nlssior.s.) 

Subject  D,  who  wore  tha  aocelaromatsrs  only  briefly,  reported  "1  had  headaches,  but  I  have  hsadaebas,  so  it's 
not  really  unusual.  Hssdechss  right  accoss  tha  top  of  my  bead.  1  had  it  a  couple  of  days  in  the  afternoon, 
but  it  wasn't  really  until  [mission  days)  2-3,  I  wouldn't  nccoessarily  attribute  this  to  tbs  effects  of 
fluid  shift.  1  get  beedachca  at  hone  like  that." 

In  debriefing.  Subject  4  notad  that  "Bonatinas  in  the  morning  I'd  wake  up  with  a  little  bit  of  a  headache. 

But  ss  soon  us  I  began  any  kind  of  activity,  moving  around,  it  dlsappesrad.  X  never  took  any  aspirin  or 
Tylenol  at  all  during  the  flight."  ((uastion:  Could  the  haadaoba  be  due  to  closing  off  of  sinuses  T  4nswer> 
"It's  possible,  1  always  used  a  little  touch  of  4fxia,  which  I  use  frequently  at  home  [most  nights].  That 
always  works  perfectly  end  opens  up  my  nasal  passages  vary  nicely." 


6.4norexla: 

anorexia  is  frequently  sean  in  notion  sickness,  and  is  also  potentially  a  side  effect  of  taking  daxadriua. 
Symptomatic  subjects  axparienced  anorexia  early  in  the  flight,  as  indicated  by  tha  subjects'  debriefing 
coBssnts: 

Subject  4:  "I've  got  liatad  all  I  ate  in  tha  first  4  days.  It  was  probably  only  about  100  calories  total.  I 
wasn't  starving,  1  just  didn't  want  to  cat.  I  had  a  place  of  breed  and  a  banana,  and  one  or  two  otbar  items. 
That  was  it.  But  after  that  it  was  nearly  norsul.  .But  I  never  ate  lunoh  for  tan  days.  Crackers  or 
something  but  that  was  it.  He  I’cra  too  busy." 

Subject  Bi  "  I  started  out,  didn't  eat  anything  tha  firat  day.  Halfway  through  tha  second  day,  I  think  I  ate 
two  Saltina  crackers,  1  drunk  slot  of  water.  I  was  continuously  drinking  wetar.  Bvery  tins  I'd  throw  up, 
it  was  water  that  waa  coming  back  .  '  4t  the  end  of  tha  second  avsniug,  1  ate  about  half  a  meal  -  chicken  a 
la  king  or  aomathlng.  It  slowly  picked  Up  from  there.  Tbs  first  couple  of  days,  wa  didn't  really  aat  lunch. 
Ha  could  aavat  find  10-15  minutaa  even  to  go  back  then  and  get  thlaga  prepared." 

I 

lubject  0  ikippad  hreakfeat  on  firat  aurnlnt,  and  drank  wary  littla  during  tha  firat  2  days. 

gubjact  1)  said:  "I  don't  aat  lunch,  anyway.  But  1  ata  2/3  to  3/4  of  what  waa  packad  for  oacb  naal  for  tvary 
smal.. right  from  day  aero,  on. 

Haight  laaaaa  on  orbit  aa  a  parceutega  of  body  vaigbt  varied  from  6.62  in  Subject  4  to  4.U  in  (ubjact  D. 
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Anorexia  early  in  Che  nieeion  may  have  been  a  contributing  factor. 


7 .  Abdominal  Sounda 

Conalderabla  axpariiaental  avidanoa  (raviavad  in  IUf.3,  page  SB)  indicataf  that  gaatrlc  bypoaiotility  ia 
conaiatantly  aaaa  iu  motion  sicknesa.  A  raduction  of  bowel  aouada  baa  bean  raportad  in  ipaca  aicknaaa  by 
Thornton  (paraonal  communication).  On  Bpacalab  1  an  alactronic  stathoacoye  waa  carriad,  and  taped  to  tha 
abdoman  whan  uaad.  Subjact  A  raportad  that  whan  ha  waa  axparlancing  aoaw  aymptoma  on  flight  day  1,  ba 
"chackad  hia  belly  aoundai  and  judgad  tbam  to  ba  roughly  1/3  normal,"  On  day  3,  ka  judgad  bia  aounda  aa 
normal.  Subject  B  reported  that  "On  tha  avaning  of  tha  aaeond  day,  t  liatauad  to  ay  bowal  aounda,  and 
concluded  they  aoundad  normal,  Ihia  waa  tha  aaeond  avaning,  before  1  ata  loae  dinner,  Frior  to  tbia,  1 
hadn't  had  the  tiaa  or  the  Incllaatlon  to  llatan."  Ba  rachackad  hia  aounda  on  tha  third  day,  with  tha  aaaw 
raault. 


AddiiigHBl  Saaisat  ui  liiu  BliaciAtBd  XM.  Weinhtlaaenaea! 

1,  Fluid  Shift 

Our  aubjocta  axpactad  to  obaarva  aymptoma  and  eigne  of  a  roatral  ahlft  of  blood  and  intaratitial  fluid 
imaadiataly  upon  reaching  orbit,  Ve  naked  thamt  whan  did  you  flrat  notice  tha  aymptoma  and  aigna  of  fluid 
ahift  ; 

Subject  A:  "Minutaa.  It  waa  Juat  like  banging  upside  down. .{It  was]  not  particularly  unoomfortable.,. 

Subject  B;  "Vithin  10-13  minutaa".  Queation:  Did  you  notice  tham  lass  as  time  paaaad  T  Anaweri  "lot  until 
about  day  6.  Firat  A-S  days,  1  folt  really  puffy,  oongaatad,  and  tha  aaita  way  every  day.  I  waa  looking  for 
it  to  level  out,  but  it  wasn't  until  about  day  6  that  1  noticad  that  it  was  still  there,  but  it  didn't  ssam 
aa  prominent  ^  you  gat  uaad  to  it."  "...I  had  alot  of  congaation.  It  waa  like  I  had  a  bad  bead  cold. 

Started  uaing  Afrin  about  tha  3rd  day,  and  uaad  it  about  avary  18  hours  for  almost  the  whole  miealoin.  And  1 
could  Call  whan  it  wore  off.  Within  20  minutaa,  I'd  gat  totally  stuffed  up  and  [would  sound  that  way  whan  I 
talkad]." 

looking  in  tha  mirror,  Subjact  B  described  hia  fluid  shift  aigna  at  0/10t34  aa  "fluid  shift  -  moat  of  it  ia 
around  tha  Jowls  and  chaaka, , .thara  is  soma  increeaed  puffinsaa  under  tha  ayaa,  right  up  at  tha  top  of  tha 
note,  and  an  incresaad  fullnaaa  in  the  akin  up  by  tha  sidahurns  neat  the  aara."  Hia  report  at  8/23 i30  was 
aaaantially  identical. 

Subject  C:  “In  ay  oaaa,  [fluid  ahlft]  was  really  dramatic.,  it  was  uncoaUfortabls.  And  also,  it  I  took  a 
looked  in  tha  mirror  and  saw  my  own  face,  I  waa  shockad.  It  waa  really  puffy.  It  paraistad  baaicslly 
through  the  satire  miaaion.  It  [slowly  got]  a  littla  battar,  hut  I  atill  looked  different  at  the  and  of  the 
miaaion...  I  had  no  problama  with  [stuffy]  nosa,  throat,  or  things  like  that. ..But  I  could  also  feel  it. .up 
in  ay  head. ..its  a  real  feeling  of  tullnasa,  avarywhara." 

Subject  Dt  "I  was  aware  of  fluid  ahift  from  appaaranoas,  ..eud  looked  to  aas  bow  it  looked...!  don't  ramaabar 
feeling  a  particular  uncomfortabla  fullnaaa  of  tha  face.  My  none  was  stuffy,  but  there  was  also  slot  of  lint 
and  [debris]  floating  ayound...  My  noaa  was  not  draining.  But  my  nsmbrenas  ware  swollen,  and  this  li 
probably  as  good  an  indication  aa  any  that  it  was  not  what  was  in  tbs  air  as  much  as  it  was  inersasad  fluid 
in  the  head,  .•sinus  [ache]  and  fullness  of  tha  head  [faal  like]  tbs  sams  thing  really." 

It  has  bean  speculated  that  perhaps  space  notion  sieknsaa  could  ba  somehow  associotad  with  daeraaaad  pressure 
in  tha  middle  ear  due  to  functional  blockage  of  tha  Bustacian  tubas  by  fluid  ahift  pharyngeal  adama.  Also,  if 
axposura  to  weight lassnass  ware  to  somehow  causa  pathologic  changes  in  the  inner  ear,  as  as  teen  suggastsd  by 
soma,  one  night  expect  concomitant  changes  in  auditory  function  as  wall.  All  subjects  daniad  any  problaaw 
with  hearing  or  Bustacian  tubs  function.  Subject  A  comaantsd  "  My  asitsa  of  taste  and  small  ware  largely 
absent  for  tha  first  3-4  days.  But  nothing  [wrong  with]  hearing.  At  a  matter  of  fact,  we'd  do  a  littla 
preaaura  teat  or  change  for  one  thing  or  another,  and  I  could  feel  my  mars  pop,  with  quits  noraml  Bustacian 
tuba  clearing.  No  problems." 


2.  Back  Fain 

Subjects  B  and  D  axperiancad  significant  back  pain  during  the  misaloni 

Subject  B  noted  at  0/7:37  that  hia  "whole  spina  fasls  distandadl  musclaa  in  the  back  era  a  littla  stiff..". 
This  stiffnass  prograsaed  into  modarata  back  pain  which  paraistad  at  least  through  HD  A. 

Subject  D  felt  no  Santa  of  spina  distension  but  admitted  that  ba  didn't  spacifically  look  for  it.  Bowavar, 
he  had  "definite  back  pain,  for  tha  first  2-3  days.  Lower  back  pain. .in  the  lumbar  curve,  I  have  wild 
sciatica,  end  do  back  [abdominal]  axarcisas  (at  home],  and  it  takas  care  of  it  vary  nicaly...  The  first 
couple  of  days,  you  ware  stiff  alot  of  plaeas,  esuas  you  vara  doing  alot  of  thimgs  that  you  waran't  used  to 
doing,,  and  it  would  ba  hard  to  say  that  I  didn't  have  a  [slightly]  stiff  neck  during  those  first  few  days. 
No  abdominal  muscla  pains. ..The  business  of  maintaining  posture  while  using  two  hands  -  that's  why  your 
muscles  ara  so  tired  -  is  a  vary  strsssful  thing." 

Vhan  debriefing,  Subject  A  said  ha  did  not  feel  any  baok  pain,  muscle  pain,  or  that  spina  felt  stratohed. 
Subjects  A  and  B  bad  no  previous  history  of  back  injury  or  significant  back  pain. 
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COHCLDBIOHB: 

In  tbli  p<(*r,  «•  h«v*  triad  to  pioooat  i  dotallod  datcription  of  3  caaaa  of  ipaoa  aotion  alcknaia  aa  thay 
occuxad  on  Bpacalab  1,  drawing  haavily  froai  tba  firathand  narratlwaa  providad  to  ua  inflight  and  iaaadiataly 
poatfUgbt  by  our  aubjeeta  thaaiaalvaa.  Tbaaa  aicknaaa  aonitoring  and  provooatlva  taating  axpaxiiMBta  axa 
acbadulad  to  fly  on  aavaral  otbar  Bpacalab  niaaiona,  ao  thia  raporc  ahould  ba  ragardad  aa  only  praliainary. 
daalyaia  of  data  froa  tba  baad  aountad  aocalaxoawtara  worn  by  2  of  our  aubjacta  ia  not  yat  eoaplata.  Bancoi 
va  arc  raluctant  to  draw  atcong  eoneluaiona  baaad  on  tha  axparianca  of  only  4  individuala.  lowawax,  our 
aubjacta  bad  baan  apaclfically  trainad  in  notion  aiekneoa  ayaptoa  aonitoring)  *n4  thair  pattarna  of  xnaponaa 
to  varioua  provooativa  atiauli  wall  aatabliahad  in  praflight  taating.  Ihay  wara  knowlagahla  in  tha 
pbyaiology  and  payobophyaica  of  apatial  oriantation  and  vaatibulax  funetioBi  to  wa  baliawa  thair  raporta  will 
ba  of  particular  intaraat  and  utility  to  tha  aoiantifio  coaaaunity.  Hanot  va  art  aaking  thair  laporta  and  our 
pttliwinary  intaxpratationa  avillahla  to  aaroapact  ntdical  apaeialiata  now. 

Thraa  of  our  toux  aubjacta  axpariancad  aignifioant  aynptona  which  wara  gantrtlly  alaiilax  to  thair  own  notion 
aicknaaa  aynptona  praflight.  Our  aubjacta  guiekly  laamad  to  linit  tbair  baad  novananta,  and  attributad 
thair  aiokntta  diractly  to  tba  high  laval  of  phyaiotl  activity  dtaundad  of  than  during  tba  firtt  daya  of  thia 
aeitnoa  oriantad  niaaion.  Tbay  balitvad  that  bad  thaxa  baan  aufticiant  flanibillty  in  xatianllning  thair 
activitiaa  during  thia  pariod,  tbay  night  hava  baan  able  to  pact  tbanaalvaa  battar  phyalotlly,  and  paxhapa 
hava  avoidad  voniting.  Aa  it  waa,  out  aubjacta  alaotad  to  praaa  on.  and  all  3  vonitad  aavaral  tinao  duiug 
tha  firat  two  daya  of  tha  flight.  All  thraa  fait  battar  aftax  vuailtingt  and  notad  that  if  tba  objaotiva  ia 
to  gat  tha  work  dona,  ona  can  put  up  with  voniting  oceaelonolly.  Although  thay  all  axpariancad  a  prolonged 
ganaral  nalaiaa,  it  ia  aignificant  that  two  of  our  thraa  aubjacta  axpariancad  only  a  abort  pariod  of  intanaa 
prodronal  nauaaa  prior  to  voniting.  Although  additional  raaaaroh  on  thia  point  ia  daalrabla,  thara  ia 
avidanca  that  a  auddan  "avalanoha"  of  aynptona  ia  charactariatie  at  long  duration  notion  aicknaaa,  and  alao 
of  ralativaly  raaiatant  aubjacta,  (which  thaaa  two  wara).  Other  aynptona  and  aigna  obaarvad  incited 
anorexia,  flatulanea,  balching,  yawning,  aanaitivity  to  aanaory  atlnull,  nild  apathy  and  inpalrad 
concentration,  and  aubjactlva  wamth.  Paraiatant  haadaoha  waa  reported  by  two  aubjacta,  but  waa  probably 
attributable  to  tha  acoelaronatar  haadbaad.  Ona  aubjact  (of  two)  reported  via  atathoacopa  a  reduction  in 
abdonlnol  aounda.  In  tha  aynptonatic  aubjacta,  pallor  waa  notably  vlaually  abaant,  aa  waa  cold  awaating  fron 
thamal  araaa.  He  tentatively  attribute  thaaa  latter  obaarwationa  to  tha  praaanca  of  phyaiological  fluid 
ahift,  and  to  tha  cool,  dry  anvironnent  of  Bpacalab,  raapaotlvaly.  Ilrowainaea  waa  not  conapicuoua.  Ona 
aubjact  axpariancad  a  paraiatant,  unconfortabla  feeling  of  atonaob  alaration  and  aoan  difficulty  in  burping 
early  in  tha  niaaion.  In  l-g  notion  aicknaaa  teata,  thia  aubjact  bad  reported  "aubatamal  praaaura"  and  a 
*oonatrictad  faallng  in  tha  chant*.  Bowavar,  in  0  -  g,  hla  aanaationa  could  alao  ba  attributable  to  a 
roatral  ahift  of  abdoninal  organa  and  intaratitial  fluid  and/or  trapping  of  gaa  In  tha  atonach.  Tha  poaaibla 
contributory  cola  of  tbaaa  "gut*  faetora  in  Individual  aubjacta  naada  to  ba  Invaatlgatad  further.  Our 
aubjacta  denied  having  any  difficulty  with  hearing  or  with  elaarlng  thair  aara,  although  all  reported  a 
paraiatant  faallng  of  head  fullnaae  and  oongaation,  and  aavaral  uaad  naaal  daoongaatanta  through  nuch  of  tba 
flight. 

Synptona  diainiahad  by  tba  and  of  tha  third  day  on  orbit,  although  thay  could  atill  ba  alicitad  with  vigoroua 
baad  novanant  through  tha  fourth  or  fifth  day.  Dellbaxataly  provooativa  baad  naveaMnta  nada  by  ona  aubjact 
indicatad  that  -  at  leant  for  thia  aubjact  -  pitching  and  rolling  baad  novananta  wara  particularly 
diaorianting  and  provooativa  early  in  tha  niaaion,  tut  that  latar  on,  pitching  novaaaanta  baoana  laaa 
troublaaona. 

Although  va  hava  dalibarataly  not  diaouaaad  raadaptatioa  to  tha  tarraatrial  anvironnant  in  thia  paper,  it  ia 
•ignifloant  that  upon  reentry  and  landing,  aubjacta  initially  axpariancad  aignificant  oacillopaia  for  aavaral 
houra,  and  ware  ataxic  for  aavaral  daya  poatf light.  However,  thay  bad  no  "earth"  aicknaaa  upon  thair  return. 
A  period  of  raadaptation  ia  to  ba  axpactad  if  adaptation  to  waightlaaanaaa  involvaa  laaming  a  new  eat  of 
lulea  ralating  body  novanant  and  aanaory  inflow. 

Tha  fundanantal  quaation  wa  aakad  our  aubjacta  to  conaidar  in  poatfligbt  dabriafinga  waai  ia  apnea  aioknaaa  a 
fom  of  notion  aieknaat  T  Their  anawar  >  and  oura  •  ias  vary  claarly,  yea.  Ivan  without  tha  head  nountad 
accalaronator  data  to  xafaranca,  it  waa  abundantly  elaax  fron  our  aubjacta*  raporta  that  head  novananta 
aaaociatad  with  phyaioal  activity  pracipitatad  an  inoraaaa  in  aynptoaw,  aa  axpactad.  Sruga  known  to  ba 
affaotiva  againat  notion  aicknaaa  wara  taken  by  all,  and  wara  judged  affective  againat  apaca  aicknaaa, 
although  -  aa  night  ba  axpactad  ^  thay  did  net  provida  avaryona  with  total  ianuaity.  Viaual  and 
tactila/pxopriooaptiva  cuaa  axacarbatad  aynptona,  alao  aa  axpactad.  To  avoid  eraating  provocative  viaual 
raorlautation  illuaiona  in  tbaaMalvea  or  thair  cenpaniona,  to  tha  extent  praotioal,  all  erawnaa  (includiag 
tha  aaynptonatio)  ahould  avoid  aaauning  unfanlliar  oxiantationa  with  raapact  to  tha  apaeaeraft  interior  ad 
to  each  otbar  during  tba  firat  aavaral  daya  on  orbit,  loth  aubjacta  who  alMt  "Ilka  bate  hanging  Iron  the 
coiling"  in  Invartad  nid-dack  buaka  found  thia  oriantation  diatraaaing.  lu  najority  of  our  ayavtonntic 
aubjacta  felt  that  travailing  through  the  tunnel  fron  tba  Oxbitar  to  tha  Bpacalab  waa  provocative.  Ha 
ballave  thia  nay  ba  bacauaa  tha  tunnel  lacked  a  wall  defined  "ceiling*  and  "floor".  Tactila  aad 
proprlooaptiva  contact  cuaa  providad  around  tha  body  by  wedging  into  a  eomar  or  a  bunk  wara  claarly 
palliative,  au  waa  eloaiag  tha  ayaa,  providad  that  tbaaa  eontaet  cuaa  ware  ainultaneottoly  praaant.  (In  thia 
regard,  aavaral  dafieianeiaa  in  the  praaant  daaign  of  tba  buaka  wara  noted.)  Thaao  (tndinga  hava  clear 
laplieaticna  with  raapact  to  future  apace  atation  daaign. 

In  all  thaaa  obaarvationa,  wa  aaa  pracloua  littla  avidanca  to  aupport  any  of  the  varioua  "fluid  ahift" 
hypothaaaa.  Although  not  all  of  thaaa  hypothaaaa  can  ba  foxnally  ruled  out  dua  to  tha  linitad  oat  of 
obaarvationa  nada,  wa  baliava  tha  raporta  of  our  trained  obaarvara  on  Bpacalab  -  1  couplataly  aupport  tha 
viaw  that  apace  aioknaaa  fuadaaMntally  ia  notion  ricknaaa,  and  tharafora  ia  only  a  nomnl  bunen  raaponaa  to 
an  abnoraal  graviteinartinl  anvironnant. 
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SPACE  ADAPTATION  SYNDROME;  INCIDENCE  AND  OPERATIONAL 
IMPLICATIONS  rOR  THE  SPACE  TRANSPORTATION  SYSTEM  PROGRAM 


J.L.  Homlck,  Ph.D,,  H.F,  Reschke,  Ph.D..  and  J.H.  Vtnderploeg,  M.D. 

Medical  Sciences  Division 
NASA-JoNnson  Space  Center 
Houston.  Texas  77058 


SUMMARY 

The  space  adaptation  syndrome  (SAS),  Is  an  operationally  relevant  biomedical  problem  for  manned  space 
flight.  On  the  basis  of  past  experience.  It  Is  clear  that  SAS  presents  a  pctentlal  threat  to  the  well¬ 
being  and  optimal  operational  performance  of  space  flight  creMnembers.  In  an  effort  to  develop  better 
methods  for  the  prediction,  prevention,  and  treatment  of  SAS.  Investigators  at  the  NASA-Johnson  Space 
Center  have  Initiated  a  systematic,  long  range  program  of  operationally  oriented  data  collection  on  all 
Individuals  flying  Space  Shuttle  missions.  Prefllght  activities  Include  the  use  of  a  motion  experience 
questionnaire,  laboratory  tests  of  susceptibility  to  motion  sickness  Induced  by  Coriolis  stimuli  and 
determinations  of  anti-motion  sickness  drug  efficacy  and  side  effects.  During  flight,  each  crewmember 
Is  required  to  provide  a  dally  report  of  symptom  status,  use  of  medications,  and  other  vestibular 
related  sensations,  Additional  data  are  obtained  postfllght.  During  the  first  nine  Shuttle  missions, 
the  reported  Incidence  of  SAS  has  been  48V.  A  wide  range  In  severity  of  symptoms  has  been  reported  with 
general  malaise,  anorexia,  nausea,  and  emesis  being  the  most  frequently  described.  As  In  the  past, 
self-induced  head  motions  and  unusual  visual  orientation  attitudes  appear  to  be  the  principal  triggering 
stimuli.  Anti-motion  sickness  medication,  although  used  by  a  high  percentage  of  crevewmbers ,  has  been 
of  limited  therapeutic  value.  Complete  recovery  from  symptoms  has  occurred  by  mission  day  three  or 
four.  Also  of  relevance  Is  the  lack  of  a  statistically  significant  correlation  between  the  ground  based 
Coriolis  test  and  SAS.  The  episodes  of  SAS  reported  thus  far  have  resulted  In  no  Impact  to  Shuttle  mis¬ 
sion  objectives  and,  with  the  exception  of  a  one-day  postponement  of  a  scheduled  space  walk  on  the  fifth 
Shuttle  mission,  no  significant  Impact  to  mission  timelines.  Additional  data  collection  activities  are 
planned  for  future  Shuttle  flights. 

INTRODUCTION 

Space  motion  sickness,  recently  renamed  the  space  adaptation  syndrome  (SAS),  Is  a  special  form  of 
motion  sickness  that  Is  experienced  by  some  Individuals  during  the  first  several  days  of  exposure  to  the 
microgravity  space  flight  environment.  The  syndrome  may  include  such  symptoms  at  depressed  appetite,  a 
nonspecific  malaise,  lethargy,  gastrointestinal  discomfort,  nausea,  and  vomiting.  As  In  other  forms  of 
motion  sickness,  the  syndrome  may  Induce  an  Inhibition  of  self-motivation  which  can  result  In  decreased 
ability  to  perform  demanding  tasks  In  those  persons  who  are  more  severely  affected.  The  syndrome  Is 
self-limiting.  Complete  recovery  from  major  symptomatology,  in  other  words  adaptation  to  the  space 
flight  environment,  occurs  within  two  to  four  days.  After  complete  adaptation  occurs,  crewmembers 
appear  to  be  Immune  to  the  development  of  further  symptomatology.  This  finding  was  eloquently  demon¬ 
strated  by  provocative  rotating  chair  tests  conducted  Inflight  during  the  Skylab  missions  (1). 

The  overall  Incidence  to  date  of  SAS  In  the  U.S.  and  Soviet  manned  space  programs  Is  summarized  In 
Figure  1.  Data  from  the  U.S.  program  are  based  upon  inflight  reports  and  postfllght  crew  debriefings 
and  are  reasonably  accurate.  The  Space  Transportation  System  (STS)  Program  results  Include  missions 
1-9.  (Test  activities  and  results  related  specifically  to  the  STS  Program  are  discussed  in  greater 
detail  later  In  this  report.)  Data  on  the  Soviet  space  program  were  derived  from  various  U.S.  National 
Technical  Information  Service  (NTIS)  English  translations  of  available  Soviet  literature,  personal  com¬ 
munications  with  Soviet  vestibular  Investigators,  and  other  open  literature. (2). 

During  the  first  two  U.S.  flight  programs.  Mercury  and  Gemini,  no  occurrence  of  SAS  was  reported. 
In  retrospect,  this  finding  Is  attributed  largely  to  the  design  of  the  Mercury  and  Gemini  spacecraft 
which  restricted  the  mobility  of  crewmembers  as  well  at  their  ability  to  see  outside.  With  movements 
restricted,  limited  exterior  vision  and  relatively  stable  internal  spacecraft  visual  orientation  cues, 
crewiembers  did  not  encounter  the  SAS  symptomatology  that  was  to  be  experienced  In  later  programs. 

These  factors  changed  with  the  Apollo  and  Skylab  programs  because  the  spacecraft  had  more  Interior 
volume,  thus  allowing  Increased  mobility  of  the  crew.  Because  of  this  mobility,  the  Incidence  of  vesti¬ 
bular  and  other  sensory  rearrangement  problems  leading  to  SAS  was  heightened.  The  Skylab  program 
enabled  NASA  scientists  to  Investigate  SAS  In  a  more  systematic  manner.  A  number  of  quantitative  vesti¬ 
bular  function  and  motion  sickness  susceptibility  tests  were  conducted  with  the  Skylab  astronauts  pre- 
flight,  Inflight,  and  postfllght.  Several  reports  detailing  the  findings  from  Apollo  and  Skylab  nave 
been  published  (1,  3,  4,  S). 

As  Indicated  by  Figure  1.  SAS  events  occurred  somewhat  early  in  the  history  of  the  Soviet  space 
program.  This  finding  Is  In  all  probability  related  to  the  earlier  use  by  the  Soviets  of  relatively 
larger  spacecraft.  It  is  obvious  from  available  data  that  the  frequency  of  occurrence  of  SAS  has  been 
approximately  equal  in  the  U.S.  and  Soviet  manned  space  programs. 

In  an  effort  to  resolve  the  SAS  syndrome,  or  at  least  minimize  the  operational  Impact  of  the  syn¬ 
drome,  NASA  has  significantly  expanded  Its  research  and  development  efforts  In  this  area.  At  part  of 
this  expanded  effort.  Investigators  at  the  HASA-Johnton  Space  Center  have  Initiated  a  systematic,  long 
range  program  of  operationally  oriented  data  collection  on  ell  individuals  assigned  to  STS  flights. 

A  primary  objective  of  this  program,  which  began  with  the  first  STS  flight  (STS-1),  is  to  conduct  in¬ 
flight  observations,  supported  by  a  series  of  preflight  and  postflight  data  collection  procedures,  on 
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the  crewmembers  In  an  effort  to  begin  validating  ground  based  tests  which  may  be  predictive  of  suscepti¬ 
bility  to  the  SAS  syndrome.  An  additional  objective  Is  to  Implement  crew  tasting  procedures  which  would 
enable  acquisition  of  data  to  be  used  in  validating  countermeasures  for  the  syndrome. 
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Figure  1. 

Incidence  of  space  adaptation  syn¬ 
drome  In  the  U.S.  and  U.S.S.R.  man¬ 
ned  space  programs. 


METHODS 

Prafllqht 

Part  of  the  required  crew  prefUght  activity  was  based  on  guidelines  set  forth  In  a  NASA  medical 
operations  policy  for  the  prophylaxis  and  treatment  of  SAS  with  anti-motion  sickness  drugs.  This  policy 
stated  that  astronauts  with  a  positive  history  of  SAS  or  with  no  space  flight  experience  would  be  pre- 
medlcated  with  a  properly  selected  anti-motion  sickness  drug.  Premedlcation  was  operationally  defined 
as  taking  the  prescribed  drug  either  prior  to  launch  or  Immediately  after  the  first  Inflight  orbital 
correction  maneuver.  This  maneuver  occurs  about  10  minutes  after  orbital  insertion.  The  policy  further 
stated  that  astronauts  who  had  previously  flown  In  space  with  no  symptoms  of  SAS  were  not  required  to  be 
preiMdlcated.  Any  Individual  who  experienced  SAS  was  to  be  administered  appropriate  Inflight  treatment 
with  anti-motion  sickness  drugs.  The  policy  required  preflight  side  effects  screening  and  efficacy 
testing  with  one  or  more  anti-motion  sickness  medications. 

Approximately  three  to  six  months  prior  to  flight,  each  of  the  crewmembers  completed  a  question¬ 
naire  designed  to  elicit  pertinent  Information  regarding  past  experiences  with  various  types  of  motion 
environments  and  responses  to  those  environments. 

Also  during  the  three  to  six  months  before  flight  each  of  the  crewmemebers  were  tested  at  least  one 
time  for  suceptiblllty  to  experimentally  Induced  motion  sickness  In  the  Johnson  Space  Center  Neurophysi¬ 
ology  Laboratory.  A  standard  Coriolis  Sickness  Susceptibility  Index  (CSSI)  test,  originally  developed 
by  Miller  and  Srayblel  (6),  was  used.  This  procedure  requires  the  performance  of  head  movements  while 
rotating  at  a  constant  velocity  In  a  servo-controlled  chair.  The  test  was  terminated  when  the  blind¬ 
folded  crewmember  reached  the  Malaise  III  level  (8  symptom  points)  of  motion  sickness  or  performed  150 
head  movements,  whichever  occurred  first.  This  test  served  two  purposes.  First,  It  provided  a  ground 
based  susceptibility  data  point  against  which  Inflight  susceptibility  could  be  compared.  Second,  It 
provided  a  baseline  for  subsequent  evaluations  of  anti-motion  sickness  drug  efficacy.  During  this  test 
session  the  crewmembers  were  Instructed  on  the  self-recognition  and  reporting  of  motion  sickness 
symptoms.  They  were  also  Instructed  on  the  use  of  a  mlcrocassette  recorder  and  symptom  checklist  which 
were  to  be  used  Inflight  for  symptom  reporting. 

In  accordance  with  the  medical  operations  policy  for  the  use  of  anti-motion  sickness  medications, 
the  majority  Of  crewmembers  were  screened  for  side  effects  with  one  or  more  medications.  This  screening 
was  typically  done  under  operational  conditions.  For  exanple,  the  cremMMber  would  use  a  nadlcatlon 
while  working  in  the  Shuttle  simulator.  Verbal  reports  of  any  side  effects  experienced  were  given  to  a 
flight  surgaon  and  documented.  The  medication  most  frequently  evaluated  in  this  fashion  (and  the  most 
preferred  medication)  was  oral  scopolamine  [0.4  mg)  plus  dexadrins  (S.O  mg).  A  recently  developed 
transdermel  (skin  patch)  method  of  administering  scopolamine  was  evaluated  by  a  few  crewmembers.  Also, 
an  oral  combination  of  promethanimt  (2S  mg)  plus  ephedrine  (25  mg)  was  evaluated  by  a  few  individuals. 

Crewmembers  who  were  required  to  be  premedicated  for  flight  were  tested  In  the  Neurophysiology 
Laboratory  to  evaluate  the  efficacy  of  the  preferred  medication  In  preventing  or  minimizing  motion  sick¬ 
ness.  The  CSSI  test  procedures  described  above  were  used.  In  e  few  cises  where  the  Initially  preferred 
medication  produced  questionable  results,  the  tost  was  repeated  with  the  sme  medication  or  different 
medication.  A  mlnlniM  of  two  weeks  was  maintalnad  between  the  rotittng  chair  tests  to  minimize  adapta¬ 
tion  effects. 

Inflight 

A  mlcrocassette  tape  recorder  and  symptom  checklist  were  stowed  onboard  the  STS  Orbiter.  The 
flight  crcMsosbers  were  required  to  use  the  recorder  and  checklist  during  a  designated  time  (pre-sleep 
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period)  each  mission  day  to  report  on  any  symptoms  or  sensations  that  had  been  experienced  during  that 
day. 


Postf light 

questions  pertaining  to  SAS,  vestibular  sensations,  and  performance  Mere  asked  of  each  crevnenber 
on  the  day  of  landing  and  during  postfllght  medical  debriefings.  Several  creMmembers  voluntarily  re¬ 
peated  the  CSSI  test  on  the  day  of  landing  or  within  one  or  two  days  after  landing.  The  purpose  of  re¬ 
peating  the  CSSI  test  postfllght  was  to  determine  what  effect  adaptation  to  space  flight  might  have  on 
susceptibility  to  Coriolis  motion  sickness  upon  return  to  1-g. 

RESULTS 

Preflight 

Tiie  motion  experience  guestlorinaire  Indicated  that  all  of  the  crewmembers  on  STS  missions  1-9  had 
minimal  history  of  susceptibility  to  terrestrial  forms  of  motion  sickness.  The  questionnaire  revealed 
that  a  few  had  experienced  some  motion  sickness  symptomatology  during  past  exposures  to  aerobatic 
flight,  parabolic  flight,  and  heavy  sea  conditions.  The  questlonnairu  results  did  not  correlate  with 
the  actual  Incidence  of  SAS  symptomatology  reported  by  this  group  of  29  crewmembers. 

The  mean  preflight  baseline  CSSI  score  (without  medication)  for  tite  29  crewmembers  was  28.7  (S.D.  ■ 
21.6)  on  a  scale  of  O-lOO  where  a  score  of  100  means  extreme  resistance  to  the  CSSI  test.  In  contrast, 
the  mean  CSSI  score  for  a  normative  population  of  497  non-astronaut  Individuals  at  the  NASA  Johnson 
Space  Center  is  14.0  (S.O,  14.3).  Thus,  It  Is  evident  that  the  typical  astronaut  Is  less  susceptible 
to  the  CSSI  test  than  the  average  non-astronaut;  however,  the  range  of  susceptibility  within  the  astro¬ 
naut  population  is  large. 

The  frequency  of  occurrence  of  motion  sickness  symptoms  experienced  by  the  STS  crew  population  dur¬ 
ing  the  prefilght  CSSI  test  1$  sumnarized  In  Figure  2.  The  symptoms  shown  are  those  which  were  being 
manifested  by  the  creMiember  at  the  end  of  the  test.  It  may  be  seen  that  Increasd  body  warmth  (THP), 
mild  nausea  (NSA),  sweating  (SWT),  and  facial  pallor  (PAL)  were  the  most  cotimonly  occurring  simptoms. 
Symptoms  such  as  persistent  dizziness  (OIZ),  drowsiness  (ORS),  and  increased  salivation  (SAL)  occurred 
much  less  frequently.  The  pattern  of  symptomatoloy  expressed  by  the  SAS  astronaut  population  with  the 
CSSI  test  Is  highly  similar  to  the  pattern  exhibited  by  a  normative  population. 


Figure  2. 

Frequency  of  occurrence  of  motion 
sickness  symptoms  reported  by  the 
Shuttle  Transportation  System  (STS) 
crewmembers  during  the  prefilght 
Coriolis  sickness  susceptibility 
Index  (CSSI)  test.  Synptoms  shown 
are  those  which  were  present  at  the 
time  the  test  was  terminated. 


Complete  data  are  not  avafl^le  wf^li  regard  to  the  results  of  preflight  anti-motion  sickness  drug 
efficacy  testing.  However,  where  drug  efficacy  data  were  obtained  with  the  CSSI  It  was  found  that  the 
CSSI  score  was  raised  by  an  average  of  SM.  The  drug  test  results  were  highly  variable  with  some  crew¬ 
members  demonstrating  a  two-fold  or  more  decrease  In  their  susceptibility  with  the  dri.tg  tested  while 
others  showed  no  Improvement  over  baseline. 

Inflight 


As  already  Indicated  by  Figure  1,  48K  of  the  crewmembers  of  STS  missions  1-9  reported  symptoms  that 
were  interpreted  as  being  SAS.  Table  1  provides  an  overall  comparison  of  the  preflight  CSSI  test 
results  with  SAS.  The  mean  preflight  CSSI  score  for  the  group  of  astronauts  who  experienced  SAS  was 
27.4,  while  the  mean  for  the  group  who  did  not  experience  symptoms  was  30.9,  This  difference  suggests 
that  the  CSSI  test  may  be  mildly  predictive  of  SAS.  However,  the  CSSI  score  ranges  and  standard  devia¬ 
tions  for  the  two  groups  are  large.  The  difference  between  the  two  groups  Is  not  statistically  signifi¬ 
cant.  In  a  further  attempt  to  establish  a  relationship  between  the  CSSI  test  and  SAS,  the  crewmembers 
were  ranked  on  a  four  point  scale  of  Inflight  level  of  severity  of  symptoms.  The  statistical  correla¬ 
tion  between  the  CSSI  scores  and  assigned  rankings  was  near  zero. 

Predominant  Inflight  symptoms  reported  by  the  14  affected  crewmsmbers  are  susmarlzed  In  Table  2.  A 
comparison  of  Tcble  2  with  Figure  2  reveals  striking  differences  In  the  pattern  of  sywptometology  gener¬ 
ated  Inflight  versus  during  the  ground  based  CSSI  test.  The  symptoms  of  subjective  werath,  sweating, 
and  pallor  which  wore  dominant  CSSI  test  symptoms  were  almost  nonexistent  Inflight.  Only  e  few  crewmem¬ 
bers  reported  seeing  pallor  In  anothar  crewmember.  In  contrast,  anorexia,  headache,  malaise,  lethergy. 
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general  stomach  discomfort  and  vomiting  were  dominant  Inflight  symptoms.  One  or  more  episodes  of  in¬ 
flight  vomiting  were  experienced  by  13  of  the  14  crewmembers  who  had  synptoms.  The  vomiting  episodes 
often  occurred  abruptly  with  little  or  no  prodromal  nausea,  although  a  general  stomach  fullness  or  dis¬ 
comfort  generally  prevailed  prior  to  vomiting.  In  most  Instances,  votnlting  resulted  in  quick  relief 
from  the  uncomfortable  stomach  sensations,  although,  for  some  crewmembers  the  discomfort  would  gradually 
return . 


SPACE  ADAPTATION  SYNDROME 


Yes 

No 

N 

14 

15 

%  Of  Total 

48 

52 

CSSI  SCORE 

T 

27.4 

30.9 

S.D. 

20.8 

20.9 

Range 

8.4-64.5 

11.2-90.0 

TABLE  1 


Group  mean  comparison  of  preflight  CSSI  test  scores 
and  reported  Inflight  space  adaptation  syndrome  (SAS) 
events  for  the  29  different  individuals  who  flew  dur¬ 
ing  the  first  nine  STS  missions.  The  between  group 
difference  Is  not  satlstlcally  significant. 


SYMPTOM  PERCENT  OCCURENCE 


Nausea 

25.0 

Abdominal  Fullness/Di seomfort 

17.0 

Vomiting 

42.0 

Anorexia 

40.0 

Lethargy 

40.0 

Malaise 

43.0 

Headache 

45.0 

Pallor 

5.0 

Sweating 

0 

TABLE  2 


Space  adaptation  syndrome  synptoms  reported  by  crew¬ 
members  of  the  first  nine  STS  missions.  The  data 
were  derived  from  Inflight  and  postfllght  debrief* 
Ings.  Due  to  minor  variations  In  reporting  proce¬ 
dures  these  data  are  relatively  accurate  approxima¬ 
tions  rather  than  absolute  values. 


The  specific  nature  and  time  course  of  s^ptomatology  has  been  highly  Individualistic  during  the 
first  nine  STS  missions,  A  few  crewmembers  have  reported  that  symptoms  appeared  within  the  first  one  to 
two  hours  of  the  mission.  Others  did  not  become  aware  of  symptoms  until  the  second  day  of  flight.  In 
general,  sympto.-ns  begin  during  the  first  day  of  flight,  plateau  between  24-48  hours  and  gradually  dimin¬ 
ish  between  approximately  46-96  hours.  During  this  time  the  symptoms  may  wax  and  wane  in  severity. 
Unquestionably,  head  and  body  movements  contribute  to  the  symptomatology.  A  general  Impression  of  the 
typical  time  course  of  the  more  prominent  symptoms  of  SAS  Is  given  In  Figure  3. 


Anti-motion  sickness  and/or  anti-emetic  medication  was  used  by  21  of  the  29  Individuals  who  flew 
during  the  first  nine  STS  missions.  The  oral  scopolamine  plus  dexedrine  combination  was  the  most  fre¬ 
quently  used  with  17  crewmembers  taking  one  or  more  doses  during  the  first  few  days  of  flight.  The 
first  Scopolamine  plus  dexedrine  dose  was  generally  taken  about  ten  minutes  after  orbital  insertion, 
however,  on  three  occassions  cresmembers  took  the  medication  about  two  hours  before  launch.  The  trans- 
dermal  scopolamine  skin  patch,  an  oral  promethazine  plus  ephedrine  combination,  compazine  suppository 
and  a  promethazine  suppository  were  each  used  one  time.  Oral  nwtaclopramide  was  usad  by  four  creMnem- 
bers  in  an  effort  to  restore  gastric  motility  and  alleviate  nausea  and  vomiting.  Thirteen  of  the  14 
crewmembers  who  experienced  SAS.  used  medication  during  the  course  of  their  symptomatology.  One  sympto¬ 
matic  crewmember  elected  not  to  use  medication. 
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Figure  3. 

Illustration  of  the  approximate  time 
course  of  major  symptoms  of  space 
adaptation  syndrome. 
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Postfllght 

Two  of  three  crewmembers  who  repeated  the  CSSI  test  Immediately  postfllght  demonstrated  a  marked 
resistence  to  motion  sickness  relative  to  their  preflight  baseline  susceptibility*  Because  of  their 
busy  postfllght  schedules  it  was  not  possible  to  conduct  additional  tests  on  these  individuals  to  deter¬ 
mine  the  time  course  of  return  to  baseline  susceptlbilltym 
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With  one  exception,  a  crewmember  who  reported  a  transient  vertigo,  no  significant  vestibular  dis¬ 
turbances  were  experienced  as  a  result  of  exposure  to  gravito-interial  forces  during  re-entry  and  land¬ 
ing.  None  of  the  crewmembers  experienced  any  motion  sickness  at  any  time  post-landing.  A  number  of 
crewmembers  experienced  postural  equilbrium  disturbances  ininedlately  after  landing,  however,  these  dis¬ 
turbances  were  never  severe  as  evidenced  by  the  fact  that  they  all  were  able  to  walk  unaided  from  the 
Shuttle.  Normal  gait  and  postural  control  was  recovered  within  hours  to  a  few  days  after  landing. 

DISCUSSION 

STS  Observations 


The  Incidence  of  SAS  during  the  first  nine  STS  missions  was  not  unexpected  when  considering  past 
space  flight  results.  The  relatively  large  habitable  volume  of  the  STS  orbiter  (and  In  the  case  of 
sTs-9  the  Spacelab  module),  plus  the  fairly  ambitious  schedule  of  operational  activities  during  the 
first  several  days  In  flight,  are  conditions  condusive  to  precipitating  symptoms  in  susceptible  individ¬ 
uals. 


The  CSSI  test  which  involves  exposure  to  Coriolis  stimulation  clearly  did  not  predict  susceptibi¬ 
lity  to  SAS.  This  outcome  was  suggested  as  early  as  1974  when  similar  prefiight  CSSI  test  procedures 
failed  to  correlate  with  SAS  during  the  Skylab  missions.  The  Skylab  data,  however,  could  not  be  inter¬ 
preted  accurately  because  of  confounding  variables.  The  larger  sample  size  obtained  during  STS  flights 
1-9  unequivically  rules  out  the  use  of  a  single  CSSI  test  for  predicting  susceptibility.  These  data  and 
previous  similar  data  underscore  the  difficulty  in  predicting  susceptibility  to  SAS  with  a  tingle  test 
procedure.  Additional  data  must  be  collected  with  several  different  test  methods  in  an  attempt  to 
establish  a  composite  index  or  susceptibility  profile.  In  this  regard  the  CSSI  test  was  discontinued 
and  new  preflight  data  collection  procedures  were  implemented  beginning  with  the  STS-11  flight.  These 
procedures  include  an  off-vertical  rotation  test  which  provokes  motion  sickness  by  otolith  stimulation 
and  a  sudden-stop  test  which  involves  vestibular  and  visual  stimulation.  Both  procedures  are  modifica¬ 
tions  of  techniques  previously  developed  by  Grayblel  and  his  colleagues  (7,8). 

In  assessing  the  effectiveness  of  medications  utilized  inflight,  it  must  be  recognized  that  they 
were  medications  usually  taken  after  orbital  Insertion  and  may  have  had  insufficient  time  to  reach. a 
therapeutic  level  before  the  Individual  was  stressed.  Orallv  administered  scobolamlne  normally  requires 
60-90  minutes  to  reach  Us  peak  effectiveness.  Some  crewnanbers  were  already  beginning  to  move  about  in 
the  vehicle  within  that  period  of  time.  On  the  basis  of  available  data  it  cannot  be  determined  whether 
or  not  affected  crewmembers  would  have  had  more  severe  symptoms  if  they  had  not  used  anti-motion  sick¬ 
ness  medication.  Verbal  reports  suggest  that  tho  medication  was  having  some  positive  effect,  although, 
the  time  course  of  action  seemed  to  be  delayed,  Reduced  gastric  motility  apparently  interferred  with 
absorption  of  oral  medications.  Clearly,  additional  ground  based  and  flight  data  must  be  collected  to 
establish  more  efficient  drugs  and  drug  administration  strategies.  Beceuse  preflight  drug  efficacy 
testing  has  not  had  a  major  influence  on  the  actual  drug  used  inflight,  such  testing  with  the  rotating 
chair  was  discontinued  after  the  STS-9  mission. 

Alterations  to  Mission  Timelines  Induced  by  SAS 

On  the  basis  of  available  information,  a  definitive  statement  of  the  effects  of  the  SAS  on  mission 
operations  and  crew  performance  cannot  be  made.  No  quantitative  testing  of  crew  performance  has  been 
conducted  during  any  of  our  past  space  flights.  Also,  specific  and  complete  information  on  meaningful 
mission  timeline  alterations  induced  by  SAS  is  not  readily  available. 

In  general,  however,  it  Is  known  that  the  overall  impact  of  this  syndrome  on  mission  operations  in 
the  U.S.  space  program  has  been  minimal.  Planned  crew  activities  on  only  four  missions  (about  10X  of 
all  flights  to  date)  have  been  altered  by  the  syndrome.  A  plenned  extra  vehicular  activity  (EVA)  on 
Apollo  9  was  postponed  one  day  in  order  to  allow  the  crewmember  scheduled  to  do  the  EVA  an  opportunity 
to  fully  recover  from  symptoms.  The  crew  of  the  Skyleb  3  mission  went  into  a  "powered-down"  mode  (i.e. 
reduced  their  workload)  during  approximately  the  first  36  hours  of  flight  because  of  SAS  symptoma¬ 
tology,  A  scheduled  light  work  load  day  was  traded  with  a  busy  work  load  day  to  allow  the  craw  of  the 
STS-3  mission  to  overcame  symptoms.  Lastly,  a  planned  EVA  on  STS-6  was  postponed  one  day  to  ensure  that 
an  affected  crewmember  was  fully  recovered  from  symptoms  of  SAS.  (The  STS-5  EVA  was  ultimately  cancel¬ 
led,  not  because  of  crew  health,  but  because  of  failures  in  both  EVA  suits.) 

None  of  the  four  events  cited  above  had  a  deliterlous  imput  on  the  successful  eccomplishment  of 
mission  objectives.  Likewise,  on  all  other  missions  where  SAS  symptomatology  occurred,  no  degradation 
in  mission  objectives  occurred  despite  the  fact  that  the  operational  efficiency  of  affected  crewmembers 
was  probably  impaired  by  sotne  unknown  amount.  A  significant  factor  is  that  with  larger,  cross-trainad 
crews  on  STS,  temjwrary  performance  inefficiencies  experienced  by  pert  of  the  crew  can  be  compensated 
for  by  other  unaffected  crewnembers.  Such  trade-offs  may  not  be  possible  If  the  entire  crew  Is  moder¬ 
ately  to  severely  affected  by  SAS  symptoms.  On  the  basis  of  past  axperlance  tha  llkallhood  of  an  entire 
STS  crew  being  affected  is  remoto. 

General  Considerations 


The  precise  mechanisms  underlying  SAS  are  not  fully  understood,  however,  most  investigators  in  this 
area  agree  that  the  syndrome  has  its  origin  in  the  vestibular  system.  It  1$  generally  believed  that  the 
combination  of  varying  degrees  of  microgravity  induced  alterations  in  vestibular  (especially  otolith), 
proprioceptive  and  somatosensory  function  plus  unaltered  visual  function,  causes  sensory-perceptual  con¬ 
flict  of  the  type  originally  described  by  Reason  and  Brand  (9),  The  importance  of  vestibular  function 
and  tha  probable  role  of  sensory-perceptual  conflict  are  underscored  by  reporta  that  head  movements  and 
unusual  visual  orientation  attitudes  within  the  spacecraft  both  trigger  end  aggravate  SAS  symptomato¬ 
logy.  Pronounced  headward  shifts  of  body  fluid  occur  in  mlcrogravity.  Invastlgations  to  date  have 
failed  to  provide  clear  evidence  for  implicating  fluid  shifts  in  the  SAS  syndrome  (10,  11,  12). 
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In  addition  to  the  present  lack  of  understanding  of  the  etiology  of  SAS,  Issues  of  greater  opera¬ 
tional  significance  remain  unresolved.  Paramount  among  these  are  the  isSues  of  prediction,  prevention, 
and  treatment.  Ground-based  techniques  for  the  a  priori  identification  of  persons  susceptible  to  this 
syndrome  have  not  yet  been  validated.  Effective  and  operationally  acceptable  countermeasures  have  not 
been  developed.  Anti-motion  sickness  medications  have  been  used  with  some  regularity  in  the  U.S.  pro¬ 
gram,  but  their  therapeutic  value  has  been  unsatisfactory.  Nonpharmacological  approaches,  for  example 
adaptation  training  or  biofeedback  training,  have  not  matured  to  the  stage  where  they  can  be  applied  in 
a  routine  fashion  to  astronaunts.  In  short,  SAS  remains  an  operationally  relevant  biomedical  problem 
for  manned  space  flight  and  has  demonstrated  potential  for  affecting  the  well  being  and  optimum  perfor¬ 
mance  efficiency  of  flight  crewmembers. 
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BURCHAKD:  Vbat  vaa  tha  impact  on  tha  vomiting  apoaidai  ai  fat  aa  food  and  watar  Incaka  vaa  con- 
canadt 

UOMlOXi  Iha  data  wa  bava  in  thia  ataa  vara  rathar  akatohy  and  dapand  nntiraly  on  poat  flight 
tuggaativa  raportlng  from  tha  orawaan.  Ganaralty  apaaklng,  during  tha  firat  daya  of  flight  vbon  nany 
of  tha  orawaan  wara  not  fatllng  wall,  thara  vaa  an  obvioua  taadanoy  not  to  aat  vary  nuoh  aolid  food 
and  a  nimbar  of  crOwnan  anlatad  antiraly  on  liqulda,  I  can't  raeall  any  apaeific  infomatien  about 
tha  ralationahip  batvaan  ingaating  food  ralatlva  to  a  vomiting  incldant  although  cartainly  on  aoua  oc- 
caaiona  orevaiaa  hava  raportad  ahortly  aftar  conatating  aoaia  liquid  or  aoaa  food  to  bava  it  coma  back  up 
again. 

HOMIY:  Hov  affactiva  la  aataelopronida  againat  notion  alokaaaa  on  Barth,  and  how  affactiva  ia  it 
in  apncal  Who  coinad  tha  tarn  "Spaca  Adaptation  Syttdroaia''t 

HOHIdgt  Data  from  ground  baaad  atudlaa  nra  vary  linltad,  Oua  atudy  dona  at  tha  Jobnaon  Bpaea 
Danttr  abowad  that  ■atacloproaida  vaa  inaffactiva  ai  a  cauntatnaaaura  tor  notion  aicknaaa  inducad  by 
azMsura  to  Coriolia  croaa  coupling  atlauli  in  a  rotating  chair.  Mataoloprcmida  uaad  during  apaca 
flight  baa  produoad  nized  raaulta.  A  faw  crav  nanbaca  azpariancad  raliaf  Item  nnuaaa  and  voaiting 
with  tha  drug.  Othar  axparianead  no  banafieial  affact.  In  tha  lattar  caaaa,  tha  eravnan  vara  clao 
uaing  aeopolMlna,  a  phamacolngioal  antagoalat  of  xMtaolopraaiida.  Tho  torn  "Ipaoa  Adaptation  lyn- 
drona*  vat  coinad  by  KAIA  nanagaiant  paraonnal,  Tha  tan  vaa  originally  coinad  ta  a  aubatltuta  for 
tho  tarn  apaca  notion  alohataa.  Hovavar,  the  tan  ia  aov  generally  uaad  to  datcriba  tha  autira  apec- 
trun  of  phyaiologieal  raaponaaa  to  vaightlaaa  apaca  flight  that  nay  bava  tona  potentially  nagativa 
contaquancta  tor  tha  crav,  thua,  eardlovatcular  daeonditioning  nay  ba  couaidarad  a  part  of  tha  apaot 
adaptation  tyndrona.  Spaca  notion  aioknasi  la  nov  generally  conaidtred  a  aubaat  of  tba  apace  adapta¬ 
tion  tyblma. 
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AIHALYSIS  OF  HEAD  MOTION  DURING  SIKUUTBD,  ROUGH  HATER  OPERATION 
OF  A  2200  TON  SURFACE  EFFECT  SHIP 


Hllllu  R.  Aadarton,  Gllbact  C.  Mllmn  And  John  Ci  Oulgnard 
NavaI  Elodynaalcs  LAborAtocy 
P.  0.  Box  29A07 
Nav  Orleani.  LA  70189  U.S.A. 


SUMMARY 


Ninataan  Navy  voluntaari  Hera  axpoaad,  for  perioda  up  to  AS  houra«  to  alaulatad  wtlon  anvlronaanta 
predicted  for  a  2,000(000  Kr  (2200  ton)  aurfaca  affact  ahtp.  Surfaea  affact  ahlpa,  iriitch  ara  aupportad 
by  a  cuahlon  of  air,  oparata  at  high  apaada  and  produca  aotlon  atropgly  Influenced  by  tha  dynarAca  of  the 
air  cuahlon.  The  ■ottona  of  both  tha  anvlronaant  and  tha  head  of  each  volunteer  vara  aaeattrad  during 
achadulad  5  alnuta  Intarvala  and  tha  relatlonahip  of  head  notion  to  hapandlng  aneala  wa  Invaatlgatad, 
Tha  tlaw  aerlaa  data  and  tha  fraquancy  apactra  vara  axaalned  to  Identify  variability  In  head  raaponaa 
raaultlng  fron;  rapatltlona  with  tha  aa>a  aubjaet,  rapetltlona  vith  different  aubjaeta,  rapatltlona  with 
A  aubjaet  In  dltfarant  poaltlona,  rapatltlona  alaulatlng  dlffarant  ahlp  operating  condltlona,  rapetltlona 
with  and  without  pitch  and  roll  notlona,  dlffarancaa  batwaan  wall  and  alcR  aubjaeta,  fatigue,  and 
prograaalon  to  anaata,  Haava,  pitch  end  roll  notlona  In  tha  range  of  0,0S  to  1,5  Ha  wura  alnulatad, 
Raaulta  of  tha  analyala  Indicated  that  a  correlation  betwaan  apontanaoua  head  notion  and  notion  aloRnaaa 
axlata.  Additionally,  tha  raaulta  danonaCrata  tha  utility  of  atudylng  tha  af facta  of  notion  In  a 
controlled  laboratory  anvlronaant.  Tha  atthodologlaa  davalopad  nay  readily  be  extended  to  other  ahlp 
notion  problaaa. 

BACKGROUND 

A  new  ahlp  technology  (1,2)  which  nay  produca  large  acala  aurfaca  affact  ahlpa  (SRS)  that  can 
opairata  at  apaada  up  to  190  Ka/hr  (80  knota)  In  tha  open  aaaa  la  under  Norld'^da  davalopnant.  Tha  SEE 
la  aupportad  prlnarlly  on  a  largo  planua  of  air,  raaultlng  In  raduead  hydrodynaaUc  drag  and  high 
oparatlng  apaada.  Tha  notlona  charactarlatlc  of  thaaa  ahlpa  rapraaant  a  algnlflcant  departure  fron  tha 
notlona  produced  by  praaant  ahlpa  of  coaparahle  dlaplaeanant.  Tha  apoctrun  of  tha  haava  notion,  idilch 
dapanda  upon  the  wava  ancountar  rata  and  tha  ahlp 'a  natural  haava  fraquancy,  axtanda  to  higher 
fraquanclaa  than  conventional  ahlpa.  Pitch  and  roll  aaplltudaa  are  reduced.  Tha  af facta  of  thla  notion 
on  ernw  paraonnal  nay  be  dlffarant  fron  that  exparlancad  on  conventional  ahlpa. 

One  of  tha  principal  conplleatlona  raaultlng  froat  ahlp  notion  la  notion  alchnaat.  Many 
Invaatlgatlont  of  notion  alcknaaa  have  been  reported  In  tha  lltaratura  (3) ,  but  apaelflc  proeadurea  for 
predicting  tolaranca  to  conplax  ahlp  notlona  have  never  boon  auccaaafully  fomulatad.  Thua,  although  the 
notion  of  an  SES  can  be  pradletad  fron  tha  engineering  daalgn,  tha  af facta  of  tha  notion  on  tho  ahlp 'a 
occupanto  la  largely  conjectural  until  tha  craft  haa  bean  built  and  taatad  at  aaa. 

Tha  U.S.  Navy  Initiated  a  progran  for  Invaatlgatlng  craw  habitability  of  a  rapraeantativa  large 
acala  SRS.  Ninataan  novice  U.S.  Naval  anllotad  raCaarch  voliuitaara,  apaclally  lalactad  for  haxardoua 
duty  blodyoanlc  raaaarch,  vara  axpoaad  tq  haava.  pitch  and  roll  notlona  while  Inhabiting  a  cloaad  cab  for 
perioda  up  to  A8  houra.  Tha  cab  notlona  vara  defined  ualng  a  conputar  alnulctlon  haaad  upon  tha 
angluaerlng  daalgn  of  a  2,000,000  kg  (2200  ton)  SBS,  and  upon  parfomanea  voaaurananta  taken  fron  an 
operational  AS, 000  kg  (100  ton)  prototype  SES  (A,S).  Five  nlnutaa  of  alnulatad  data  viota  ganoratad  tor 
three  different  SES  oparatlng  condltlona  (Table  I).  In  aach  condition,  tha  heading  of  tha  ahlp  with 
raapect  to  thp  vava  velocity  waa  13S*  (l.a.,  tha  vnvaa  ware  approaching  tha  ahlp  fron  tha  atarboord  uow). 
During  aach  axpoaura,  tha  cab  waa  driven  ualng  tha  alnulatad  data  fron  ona  ana  atate,  with  tha  five 
nlnute  aagnant  of  notion  being  rapaatad  for  tha  duration  of  tha  axpoaura.  Of  pclnary  intaraat  In  tha 
atudy  'wra  tha  changaa  In  vlaual-notor  functions,  cognitlva  functlona,  physiological  atraii,  alaap,  and 
clinical  nadlcal  affects  caused  by  tha  notions  axpariancad  by  tha  aubjaeta.  Thaaa  raaulta  have  bean 
reported  previously  (6, 7, 8,9).  A  aacondary  objactiva  of  tha  Invaatlgatlo  waa  tha  aaaiuraaant  of  tha 
aotlona  of  taat  aubjaeta*  haada,  and  the  correlation  of  thoaa  haad  notlona  with  cab  notion  and  with 
suacaptiblltty  to  notion  slcknaae.  Analysis  at  the  notion  data  showo  that  previous  raaaarch  reporting  a 
relatlonahip  batwaan  alnusoldal  notion  and  Inoldsnca  of  wtlon  aleknasa  nay  ba  axtandad  to  notions  with 
conplax  apactra.  It  also  ahowi  that  subjects  axparlanelng  nausea  exhibit  charactarlatlc  haad  notions  not 
seen  in  wall  subjects.  Thla  paper  iunauilaas  the  raaulta  of  tha  haad  notion  atudy. 


TABLE  1.  TEST  CONDITIONS 


Sinulnted 

Vassal  Spaad 

ka/hr  (knota) 

Sea  State 

Vlnd 

knot9  (kai/hc) 

Avaraga 

Vava  Halghta 
aatara  (feat) 

Avaraga 
Vava  Period 
aaconda 

ISO  (80) 

3 

15  (28) 

0.75 

(2.5) 

A13 

110  (60) 

A 

18.5  (3A) 

1.21 

(4.0) 

5.2 

75  (AO) 

3 

21  (39) 

1.73 

(5.7) 

6.0 

NOTSi 

StS  bonding  with  raipact  to  wava  valoclty 

waa  135*. 
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EXPERIHENTAL  PRiXiEDUHES 


The  original  experlaental  schedule  required  that  12  valuntaec  test  subjects  be  exposed,  in  pairs,  to 
three  separate  48  hour  test  segoents.  In  each  aagaant,  two  subjects  lived  In  a  sasll  (2,5a  X  2,5a  X 
2,5b)  cab  which  aoved  with  heave,  pitch,  and  roll  approxlaatlng  the  aotlon  of  the  center  of  gravity  of  a 
220a-ton  SES  lit  ona  of  the  three  operating  envlronasnta  (Table  I),  The  aotlons  end  cabin  arrangeaanta 
have  been  fully  described  previously  (4,6), 

In  the  tiists,  head  notion  vas  to  ba  asasured  every  12  hours  using  a  aouth-aountad  paekaga  of 
accelaroaaters.  In  each  aaasureBant  period  the  subject  ass  to  alt  for  five  alnutaa  facing  the  boa,  alt 
for  five  alnutas  facing  to  aterboard,  and  finally  atand  for  five  alnutss  facing  to  starboard.  The  data 
would  be  recorded  on  analog  tape  and  selected  portions  of  It  latar  dlgltlsad  for  coaprehanslva  analysis. 

As  often  happens  In  sxpsrlMntal  resaarch,  fraquant  davlatlona  froa  the  original  schedule  were 
required  (9),  Tha  high  Incldenca  of  eassla  shnrtenad  the  expoauras  for  Mny  subjects,  and  prvvantad  soaa 
froai  continuing  to  tha  laore  severe  conditions,  Traquently,  eoaqilalots  of  aotlon  slciuiass  syaptoaa 

shortened  or  iilialnated  the  Baasurenants  of  head  action,  Equlpaant  aalfunntlona  required  that  soaa  tests 
ba  cun  at  othiic  than  the  prescribed  operating  eondltlons,  Aa  a  reault,  tha  data  had  to  fas  earafu].ly 
reviewed  to  fleteralne  how  aeanlngful  analysis  could  be  parforaadi  soaa  of  the  original  coaparlsona 
planned  were  found  to  ba  lapoaslbla,  but  tha  posalblllty  of  other  approaches  was  opened  for 

conaldaratlon.i  The  eventual  analysis  of  head  aotlons  using  tha  available  data  Included: 

U  Long-tam  repeeciblllty  of  a  subject's  aechanlcal  reapousa  to  different  axposures  Co  tha  saaa 
cab  aotlons, 

2,  Diffarances  in  s  subject's  response  aa  the  length  of  continuous  exposure  to  aotlon  Increased, 

1,  Differences  In  a  subjsct's  response  aa  ha  approached  aeaals, 

4,  Diffarances  In  a  subject's  rasponse  for  one  exposure  to  aotlon  la  which  saasls  occurred  coaparad 

with  a  second  exposure  to  the  sasui  aotlon  In  which  SMsals  did  not  occur, 

5,  Coaparlson  of  a  aubjact's  rasponae  for  each  of  tha  three  body  positions  assuaad  during 
BeesuraBsnt  of  head  notion, 

6,  Dlffarencea  hatwesn  subjects  undergoing  Identical  cab  wotlona, 

7,  CuoparlBon  of  tha  saw  subject's  response  for  each  of  the  dlCfarent  cab  aotlons  Csss  states  3, 
4.  5). 

a,  Dlffarencau  In  a  subjaec's  response  rssultlng  froa  sttsnustlon  of  Che  cab's  hsavs  accslerstlon. 

Special  Instrueantstlon  was  requited  for  naasurlng  head  wtlon,  Sach  subject  ens  fitted 
individually  with  spaclsllxad  anatoiilcal  eounts  to  accoasndata  six  accalaroastars  Cor  aaasurlng  three 
dlaanslonal  aotlon  of  the  hand.  These  aouncs  and  associated  straps,  hamaasas  and  hooka  required  to  hold 
thsa  In  place  were  developed  and  fabricated  at  the  Maval  Blodynaalcs  laboratory  (NIDI),  tovaally  NAMU, 
Detachaant,  and  have  been  described  pravlously  (10,11),  The  Instruaantstlon  packages  era  dasignad  to 
wssurs  linear  and  angular  acceleration  In  three  diaanslons,  Tha  package  consists  of  a  T-shapad  alualnua 
plate  on  which  six  accalacoBStera  are  aounted,  Tha  positions  and  allgnaants  of  the  accalaroastars  are 
selected,  within  tha  gsowtrlcal  restrictions  of  the  package,  to  alnlalsa  coaputatlonal  errors  incurred 
during  data  reduction,  Tha  inetruaancatlon  package  is  fastened  to  tbs  subject  using  a  stainless  steal 
bite  plate  which  Is  cuatoa  aoldad  to  fit  the  subject's  upper  jaw.  This  tlxtura  assures  accurate  and 
repeatable  positioning  of  tha  Inatruwntatlon  for  avary  teat. 

In  order  to  Bwks  valid  couparlsons  of  the  Motlont  of  different  test  subjects.  It  Is  necessary  to 
represent  the  acceleration  data  in  tersis  of  tha  eubjeot’s  anatoay,  Tha  head  coordinate  systeus  are 
defined  by  stareoradlographlc  Bsaeurawnts  (10,12)  wade  at  )B0L  for  eauh  test  subject  prior  to  his  first 
axposura  to  SKS  aotlon.  Briefly,  the  procedure  for  defining  tha  coordinate  systait  rsqulras  that  a 
subject  wear,  flraly  fixed  to  the  isiuth  uount,  a  duoaqr  Inetruaentatlon  package  containing  laud  aeckart  at 
carefully  wasurad  locations.  Lead  aarkars  are  also  used  to  highlight  specific  features  of  his  bony 
anatauy,  Tha  test  subject  Is  then  poaltlonad  at  the  parpandloular  Intarssctlon  of  tha  uonaa  of  radiation 
froa  two  x-ray  tubes,  and  axposuraa  are  nada  as  nearly  alsuiltansousty  aa  poaslbla.  Using  a  cowputatlonal 
proesdura  (12)  tha  gaoaatry  relating  tha  location  of  tha  Inatrussantatlon  with  raapaet  to  tha  bony  anetosiy 
Is  dstendnad  froe  the  two  x-rey  lawgas.  The  gaoswtrleel  relationships  era  then  usnd  to  represent  tha 
israsured  accsleratlon  date  in  e  atandard  coordinate  systsn  that  la  coawn  to  all  teat  aubjacts,  and  whoat 
origin  and  orientation  are  defined  with  rawpset  to  proalnont  skalatal  landaarka.  Thus,  dlffarancaa  In 
motions  obaarvad  hatwesn  test  aubjeeto  indicate  that  tha  aubjacts  are  novlng  differently,  not  that  thara 
era  naraly  dlffarancaa  In  Instruaantattcn  setups, 

Uaad  aotlon  use  naasurad  with  plasoraalativa  accalarosMtara  which  produced  dlffarantlal  output 
voltagas  propof'tlonal  to  tha  accaleratlona  prasaut.  Bach  algnal  was  saqillflad  by  ■*  dlffarantlal 
aapllfter,  aniuidad  to  an  TO  fomat  using  a  voltage  coutrollad  oscillator  (VCO),  and  raeordad  on 
Inatruaantstlon  quality  aaalog  aaguatlc  taps.  Tha  tape  was  transferred  to  an  NBDL  digitising  ayotsn  In 
which  tha  TO  foraattad  algnala  wars  convartsd  back  to  voltage  sapUbudae,  and  than  eouvattad  to  btnnry 
cods  using  aa  analog  to  digital  convarttr,  Baiul-paas  of  tha  ayataa  uaa  lladtad  to  DC  to  100  Us  by  the 
VCOs,  Bach  algnal  was  seaplad  200  tlnas/sacond  and  tha  corraapoudlng  digital  valuaa  written  to  a 
uagnatlc  tape  aultsbla  for  proeaaslng  on  a  UMIVAC  IICX)  digital  caafputar.  The  subsaquant  cowputar 
atMlysls  conilatad  of  aiuillng  tha  data  to  eoglnaarlng  units,  swathing  tha  data  using  digital  filters, 
traasfomlng  tha  accsleratlon  data  to  a  standard  coordinate  syataa  In  tha  aubjacts'  anatonlas. 
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d«t*nilnliig  tha  apactral  contant  of  tha  aljfiiala  ualog  faat  fourlar  crauafora  routlnatt  aivl  plotting  all 
data  of  Inbacaat  In  eaally  undarataodable  fonata.  Tha  coB|«rativa  atudlaa  wara  parfontad  ualng  tha 
graphic  output- 

The  data  cliannela  wara  callbratad  at  tha  atart  and  and  of  each  action  aapoaura  by  subatltutlng  a 
nlna-laval  praclalon  voltage  ataircaaa  In  placa  of  aach  accalaroaatar.  Thaaa  oallbratlon  algnala  wata 
alao  dlgltlaadi  and  uaad  to  acale  tha  accalaroaatar  data  to  anglnaaring  unite  (natara/aacond^ ) • 

DATA  ANALYSIS 

■  o 

In  a  typical  axpatlaant,  tha  taat  auhjact  uora  a  atandardlaad  tnatruaanuatlon  package  rigidly 
faatanad  to  hla  uppar  Jaw-  Six  adniatura  linear  aeoalarcawtara  ■ountad  in  tha  package  produced 
alactrlcal  algnala  which  wara  racordad  on  analog  tape,  dlgltlaad-  and  uaad  to  reconatruct  tha  three 
diaanalonal  accalacatioa  of  the  head-  Procaaalng  of  the  data  required  careful  execution  of  a  maabar  of 
related  oparatlona,  aa  outli.nad  in  Table  II.  Tha  following  aajor  functlona  ware  parforaad. 

1.  pra-expariaant  calibration  waa  parforaad  ualng  on-alta  facllltlaa  located  at  NIDL.  For  tha  SE8 
alaulatlona,  tha  followlag  functlona  wara  parforaad. 

a.  Bafora  they  wara  uaad  In  tha  axpcrlaanta  aach  atandard  arnelaroaatar  package  waa  callbratad 
at  NBDL  under  cowputar  control,  ualng  a  aplnnlng  rata  tabla  to  apply  praolaa  accalhratlona  to  tha 
packago.  Tha  raaultlng  sccalaroMtar  voltagaa  ware  aaaaurad  to  datemlna  tha  calibration  curva  and 
dlractlnn  of  tha  aanaltlva  axla  for  aach  accalaroMtar.  Calibration  arrora  ware  laaa  than  0.31  of  full 
acala  (0.3  n/a^.  or  0.03g  for  tha  acealarowatara  neoaurlag  data  In  thla  paper).  Tha  praelaa  location  of 
aach  accalaroaatar  waa  datamlnad  by  tha  awnufacturer  during  aaaaably  of  tha  packi^a.  lafaranca  11 
daacrlbaa  tha  calibration  procatt  aora  cowplataly. 

b.  Staracgraphlc  x-raya  of  aach  aubjact  wara  takan  to  datamlna  tha  thraa-dlawnalonal  location 
of  tha  leatruaantatlon  package  relative  to  a  coordinate  ayataa  defined  by  bony  anatotalcal  landairka 
vlalbla  In  tha  x-raya  of  aach  aubjact'c  bead. 

2.  Accurate  calibration  infornatlon,  ganaratad  at  tha  tlwe  of  tha  axparlwent.  waa  required  for 
each  data  ohannal.  Tha  following  atapa  wara  required. 

a.  Bafora  and  aftar  aach  aarlaa  of  axpariaanta,  a  nlna-atap  atalroata  of  piaclaaly  aMaaurad 
voltaga  lavala  waa  aubatltutad  for  aach  aanaor  output,  and  raoetdad  on  tha  analog  tapa. 

b.  Aftar  tha  axparlawnta  wara  coaplata,  tha  calibration  algnala  racordad  on  tapa  wara 
digltlxad  under  coaputar  ecutcol. 

0.  Tha  digltiiad  italrcaaa  algnala  wara  eenvartad  to  tha  atandard  lODL  data  fenaat. 

d.  Ttia  relationahlp  batwaan  accalatatlon  and  tha  raaultlng  digital  nuabar  waa  caloulatad  ualng 
tha  aanaor  calibration  Infonutlcn  frna  atap  la,  and  tha  atalrotaa  oallbratlon  frow  atap  2c> 

3.  Sansar  data  ware  racordad  and  oualyaad  oa  followai 

a.  five  ainuta  Intorvala  wara  acbadulad  during  which  a  aubjact  In  tha  waving  cab  would  wear 
hla  nouth  asuntad  Inatruwantatlcn  package.  The  algnala  produced  by  aach  acoalarcnatar  wara  racordad  on 
analog  tapa.  Dab  wotton  waa  alao  racordad  using  both  NBDL  Inatruaantatlon  and  algnala  fr«w  the  cab 
■anting  alactconlca. 

b.  After  the  data  collection  waa  couplata,  aalactad  signal  data  racordad  on  tape  ware 
dlgltliad  under  cuwputer  control.  All  channtla  wara  aaapltd  at  200  polnta/aaeond  for  five  ulnutaa.  The 
high  sawpllng  rata  was  aalectad  to  avoid  folding  60  Hi  oolta  Into  low  fraquancy  data. 

c.  Tha  digltlxad  signal  data  wart  converted  to  tha  standard  NBDL  forwat. 

d.  Tha  data  wara  filtarad,  coodanaad,  and  aeatad  frow  volte  to  physical  unite.  Flltarlns  waa 
dona  with  four  catoadtd,  aacond-ordar,  llnoar,  racuralva  digital  tlltara.  Two  wara  low-paae  tlltara  with 
a  cutoff  fraquancy  of  S  He  and  a  doling  ratio  of  0.7.  The  third  waa  a  high  paai  filter  with  a  cutoff 
fraquancy  at  O.OS  Ui.  Tha  fourth  waa  a  notch  flltav  at  1.960  Hi,  daalgnad  to  rawovo  tha  raaponaa  to  a 
structural  raaonanoa  of  tha  wotlon  alaulatlon  ayataw.  Data  for  aach  channel  wara  ecwpraiaad  fron  200 
potnta/aacond  to  AO  polnta/aacoad  aftar  balng  filtered.  Tha  scaling  infcnatlcn  datamlnad  In  atap  2d 
waa  used  to  convert  tha  data  to  physical  unite  (a.g.,  n/s^). 

a.  Tha  data  naaaurad  by  tha  wouth-nountad  accalarowatar  paekaga  wara  procaaaad  to  datamlna 
tha  notion  of  tha  aubjact'a  haad,  apaclflad  in  tha  atandard  coordinate  ayataw  daflnad  by  aach  aubjact'a 
anatowloal  landaarha.'  Tha  origin  of  tha  coordinate  ayataw  was  tha  canter  of  tha  line  connecting  tha  aara 
Cleft  and  right  auditory  waatuaaa).  The  X-axla  prejaotad  forward  through  tha  lelat  aldway  batwaan  tha 
ayaa  (left  and  right  Infraorbital  notchaa)!  tlM  T-axia  ptojaetod  through  tha  la/t  Mr(  and  tha  S-axla 
axtandod  upward,  nutually  parpandlcular  to  tha  X  aud  T  axes.  Conaldarabla  effort  waa  spent  avaluatlog 
Jlgnal  proeaaaloii  algorlthwa  idiloh  cctUd  aaparata  angular  acoalaratlou  Infornatlon  frow  atgr.al  aolaa. 
Nona  wara  aucoaaatul,  prlwarlly  bacauaa  haad  angular  acealsratlcoa  wara  ao  awall  (gancrally  laaa  than 
four  rad/aau7), 

f.  Tha  tins  aarlaa  data  for  tha  haad  llnaar  accalarationa  and  tha  cab  notions  wara  plotted  In 
a  atrip  chart  forwat. 


TikBLE  II 


ELOH  OF  lELTA  THROUGH  ANALYSIS  SYSTEtl 


Fr(-*xp«rliuint  ExparlMnt 

C«llbr«tlon  D»t«  Gollaction 


Poit-axperlMiit 

An«lY«l« 


Analog  Path  | 

♦  ♦♦♦♦♦♦♦♦♦♦♦ 

Dlgltlu 

Callbracloa 

Calibration 

..  ,1 

1 

Stapa 

Sanior 

Datatalna 
Data  Scaling 

Callbcaclon 

Conatanca 

Analog  Data 

] 

♦  ♦  ♦  ♦ 

Dlglttaa 

Sanaor 

Collactloo 

Data 

A 
* 

I 

_ +_ 

Oonvarc  CO 
SCAodacd 
Qata  Fonae 


I 

+ 

Bcala  and 
Ftltac  Data 


+ 

+ 

i 

* 

* 

* 

+ 

I 

A 

+ 

+ 

+ 

+ 

f 

+ 

+  *  ♦  ♦  ♦ 


Datatalna 

Tranafora 

X-cajr 

Data  to 

AathcapoaatCY 

Anatoalcal 

CoDcdlnaCaa 

38-5 


g>  A  (aurlw  tranafoiMtlon  wt*  uleulatad  for  2048  point*  troa  aach  Ma*ar>  A  coiln*  t*p*r 
na»  uaad  to  aaooth  tha  flrat  and  laat  10  parcant  of  tha  data  to  caduca  tha  arrot*  oauaad  by  wraparound 
dl* cont Inult taa I 

h<  Tha  apactral  aaplltudaa  vara  plottad  In  tha  format  of  tha  flguraa  ahoun  In  tht*  papar. 
Both  tha  aaplltuda  and  fraquancy  aealaa  aca  llnaar.  Plot  aealaa  wara  aalaetad  for  aach  vartabla  which 
would  provlda  tha  graataat  raaolutlon  for  a  particular  aaa  atata  condition >  Spactral  aaplltuda*,  rathar 
than  powar  apactral  danaltlaa,  war*  plottad.  To  convart  data  in  thl*  papar  to  tha  aqulvalant  powar 
apactral  danalcy,  tha  aaplltuda  valua  plottad  ahould  ba  aquarad,  and  dlvldad  by  0.012S  Ua. 

RESUtTS 


Tha  asparluntal  daalgn  callad  for  .  tvaluatlon  of  human  raaponaa  to  motion  alaulatlng  tha  818 
oparatlng  condition*  auaaarlaad  In  Table  I.  Tha  apactral  contant  of  tha  cab  vertical  haava,  angular 
pitch,  and  angular  roll  motion*  maaaurad  for  aaa  atataa  3,  4,  and  S,  raapactlvaly,  at*  ahown  In  Flguraa 
la,  b,  and  c.  Aa  tha  condition*  prograaaad  from  aaa  atata  3  to  aaa  atata  S,  the  aaplltuda  of  tha 
apactral  paaki  Incrcaaad  vary  aodoatly  (not*  tha  change  in  plot  aealaa),  but  tha  peak*  ahlftad 
algnlflcantly  to  lowmr  fraquanclaa  aa  tha  wave  aucountar  rat*  dacraaaad. 

HeCaulay  and  Kannady  (13)  raportad  maximum  Incldanc*  of  motion  tlekaaaa  cancarad  at  fraquanclaa  of 
0.16  Ha  for  alnuaoldal  liacv*  motion.  Ilgur*  la  ahowa  nagllglbla  notion  at  0.16  Ha  for  aaa  atata  3; 
Flgura  lb  ahowa  conaldarabl*  motion  at  0.16  Ua  about  the  pitch  axla  for  aaa  atata  A;  and  ngur*  Ic  ahowa 
■ubatantlal  haava,  pilch  and  roll  motion  at  0.16  Ha  for  taa  atata  5.  The  Incldanc*  of  naeala  waa 
axaalnod  to  datarnln*  If  McCaulay  and  Kannady 'a  finding*  nay  hava  application  to  the  oomplax  apactra 
praaant  In  Figure*  la,  b,  and  o. 

Incidence  of  Kama la 

Thlrtaan  aubjaet*  axparlancad  at  leant  on*  aplaod*  of  taaal*  during  a  collaotlv*  total  of  79 
axpoaura*  to  alaulatad  ahlp  motion.  In  aom*  eaaaa,  pitch  and  roll  motlona  wara  not  praaant,  haava 
motlona  war*  attanuatad,  or  tha  axparlmant  wa*  atoppad  early  fur  aqulpmant  repair,  Howavar,  aach  of  tha 
79  axpoaura*  could  h*  claaalflad  by  matching  tha  apactral  content  of  tha  cab  haava  aotlon  with  Flguraa 
la,  b,  or  e.  Tha  parcautaga  of  axpoauras  raaultlng  In  amaala  waa  calculated.  At  aummarlaad  In  Table 
Ill,  the  collactlva  Incldanc*  of  amaala  for  thaaa  aubJact*  waa  17X  for  aaa  atata  3,  MX  for  aaa  atata  4, 
and  64X  tor  aaa  atata  3.  Flvt  of  tha  thlrtaan  aubiact*  who  vomited  during  taa  atata  3  or  4  eoiulltiona 
dlf  not  participate  In  a  taa  atata  3  run,  poaaibly  blatlng  tha  64X  Incldanc*  of  amaala  for  aaa  atata  5 
towtrd  tha  low  aid*.  Thaaa  roaulta  provlda  vary  convincing,  if  haurlatle,  aupport  tor  tha  hypothaala 
that,  ovau  for  coaplax  motlona ,  apactral  companaat*  near  0.16  Ha  dramatically  Incraaa*  tha  Ineldanoa  of 
motion  alcknat*. 
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TABU  HI 


INCIDENCE 

or  EMESIS  QEOUPEO 

BT  SEA  STATS 

CONDITIONS 

Sea  Stats 

Total 

Expo auras 

Expoauraa 
■aaultlng 
In  basis 

Ineldsnca  of 

Eaaala 

3 

23 

4 

17Z 

4 

22 

11 

SOS 

5 

14 

9 

64X 

Haad  Notion  Haaaurataants 

Th«  original  axpartawnral  daalgn  Ineludad  pcnvtaloaa  for  tnalyxlng  tha  Mchaalaata  of  aottoa 
■Ickoaait  Houth-aountad  InatrUBantatlon  Haa  provldad  tor  aaaaurlng  tha  thraa-dlaana local  neton  of  a 
aubjact'a  baad  uhlla  In  tha  aovtiig  oab.  Tha  protocol  callad  for  aaaaurlng  aaoh  aubjact'a  haad  aotlon  for 
fiva  alnutaa  uhlla  aaatad  facing  tha  boa,  ahtla  aaatad  facing  atarboard,  and  ahlla  atandlng  facing 
atarboard.  Tha  anaturananta  aata  to  ba  rapaatad  up  to  four  tlaat  for  ooch  aapoaura  to  notion • 

A  ravlatr  of  tha  Inatruaantatlon  and  aadlcal  toga  ahowad  that  322  S-alnuta  tagnanti  of  baud  aotlon 
aara  racordod*  Houovar,  Inataad  of  thraa  notion  condltlona  (aaa  atataa  3,  4,  and  3),  agulpMnt 

aalfunotlona  raaultad  In  tha  addition  of  alx  altamata  aotlon  anvlronaantOi  Including  coablnatlona  of 
attanuatad  haava  accalaratlona  and  allalnatlon  of  pitch  and  roll  notion*  turthar  osaalnatlon  of  tha 
Inttruaautatlon  and  aadlcal  logo  ahowad  that  taat  aubjacta  axparlanclng  dlaeoafort  or  nauaaa  fraquantly 
raquaatad  that  tha  haad  notion  naaauranonta,  which  taqulrad  placing  a  ataal  blta  plata  In  tholr  aouth,  ba 
cancallad*  Aa  a  raault,  aoat  of  tha  haad  notion  data  waa  collacted  froa  aubjacta  idto  wara  not  faallng 
alok,  and  tha  faw  anaauraaanta  froa  aubjacta  approaching  anaala  could  not  alwaya  ba  cdaparod  dlraotly 
with  a  larga  group  of  othar  aubjacta. 

Baaallna  lUiounaa  (Sublact  43) 

Subject  43  waa  aalactad  oa  a  baaallna  aubjact.  Ha  partlclpatad  In  12  aaparata  coats  with  no  raporca  of 
nauaaa  and  no  anaala,  iitd  appaarod  to  ba  a  conolatant  parforasr  throughout  tha  prograa.  Unlqua  haad 
action  ralatad  to  notion  alckoaaa,  or  to  auscaptlblllty  to  notion  aleknaaa,  probably  would  not  ba 
obawrvad  In  Subjoct  43.  Tha  following  axcarpta  froa  tha  run  log  ora  raportad  to  halp  tha  raadar 
undaratand  tha  data  In  tha  context  of  tha  axparlnant  (tlass  ara  notsd  using  ths  24'hour  clock 
convention) ■ 

29  August 

2100:  Pra-run  axoalnatlun  Subject  43:  weight  141  lbs{  taaparaturs  98.4*F;  pulaa  rata  76;  blood 

praasura  llA/68.  No  unusual  activity  or  axcaaalva  sclaulatlon.  Coordination  okay,  aood  good, 

Nota:  Two  othar  aubjacta  also  partlclpatad  In  the  tost.  Subjaet  30  tnllially  acconpanlad 
subject  43  In  tha  cab.  Subject  48  waa  on-slta  In  a  standby  status,  and  latar  rsplacad  subjaet 
SO  In  tha  cab, 

22S6:  Motlou  started, 

2326:  Motion  stopped,  Ons  hydraulic  drive  puap  davatopad  bearing  nolea,  end  Is  turnad  off. 

2342:  Motion  rascartad  with  no  roll  or  pitch  notion,  haava  accelaratlon  attenuated  to  0.  l»g  raa. 

30  August 

0024:  Subject  50  raporCt  nauaaa  for  tha  paet  10-15  alnutas. 

0032:  Subject  50  raating  on  table,  haad  In  hands. 

0035:  subject  50  roadlng  bag,  not  waitchlng  radar. 

0040:  'ubjact  50  appaara  to  ba  retching?  No.  Just  holding  bag  at  ready. 

0050:  Subjaet  50  aaks  to  ba  ralaaaad,  about  to  voalt.  Cannot  look  at  teak,  and  “averythlng  oplnnlng 

around '*, 

0052:  At  teat  dlractor'a  direction,  atop  waa  node  by  Subjoct  50  using  abort  switch  In  aovlug  cab. 

Subject  50  exits. 

0058:  Subject  50  axpraasod  aiU  fulfilled  a  need  to  salt-lnducs  voodtlng, 

0123:  Subject  48  placod  In  cab  as  raplaeaasnt  for  continuation  of  run.  Subjaet  43  la  still  oalasp. 

Oill:  Motion  rsstsrtod.  Subject  43  oslasp. 

0158:  Subjaet  48  reports  stoMch  aMarsaosa. 
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0206: 

Subject  48  voulco. 

0208! 

Subject  48  coporto  oovoro  luuaao. 

0210: 

Subject  48  ratchoo  again. 

02171 

Subject  48  ra4uaoto  coloooa. 

0220: 

Hation  otopa.  Subject  46  oxlata.  Subject  43  oolaop. 

0231: 

Motion  roatortod.  Subject  43  olona  tor  ranolndor  of  toot. 

0833: 

Motion  otoppod  for  unknown  roaocao.  Subject  43  unoffaetad,  ond  porfornlng  routinely. 

0843: 

Subjoct  43  raloosod  fron  cob  ponding  iavoatlgatlon  of  nation  folluro,  Subjoct  43  roporto  otrcing 
vortical  phonton  nation,  but  no  cotottoa.  Mood  good,  gonoral  condition  good. 

0930: 

Subject  43  fooling  nocnol. 

1023: 

Motion  roatortod  with  Subjoct  43  olono. 

1102: 

1112: 

1118: 

Subjoct  43  oaotod,  facing  bow;  hood  ocoolocotlon  rocordad. 

Subject  43  oaotod,  facing  otorboord;  hood  occolarotlon  rocordad, 
Subjoct  43  otondlng,  facing  otorbeordi  hood  occoloratlon  rtonrdod. 

2100: 

2106: 

2111: 

Subject  43  oaotod,  facing  bou;  hood  ocooloratlon  rocordad, 

Subjoct  43  oaotod,  feeing  itorboord;  hood  oocolorotlon  rocordad, 
Subjoct  43  otondlng,  feeing  otorboordi  hood  occoloratlaa  roeordod. 

31  Auouot 

0936: 

0942: 

0947: 

Subject  43  lootod,  foolug  how;  hood  occoloratlon  rocordad, 

Subjoct  43  oaotod,  facing  t'orboord;  hood  occolarotlon  roeordod, 
Subjoct  43  otondlng,  facing  otorboordj  hood  oenolorotlen  rocoedad. 

2108! 

2113: 

2119: 

Subjoct  43  oaotod,  facing  bew;  hood  ocoolorotlou  roeordod, 

Subjoct  43  oaotod,  facing  otorboardi  hood  ocooloratlon  roeordod. 
Subject  43  otondlng,  feeing  otorboordi  hood  oceolorotion  rocordad. 

2124: 

lad  of  notion. 

2130: 

Foot-run  axonlnotlon,  Subject  43:  wight  14t  Iba  (9  Ibo  golnod  during  run}t  tanporoturo  not 
token;  puloo  rota  60j  blood  praaouro  132/78,  Subject  43  clapt  and  ata  wll  and  faaln  fliM 
axeapt  for  the  twllng  that  ha  la  '*golng  up  and  down". 

8m  «c«t«  S  Motion  wo  ol«uloto4  tu  tho  obov*  oopotlaont,  with  pltoh  lad  roll  vtlocltloo  tot  to 
ooroi  ond  tho  hoovo  oocolorotlon  ottonuotod  to  0«t9g  nM>  C^orlng  tho  hoovo  opoetnioi  for  tho  toott 
ohown  In  nguro  with  tho  hoovo  opootrua  for  tho  otondord  ooo  ototo  3  eondltlooi  ohown  la  Flguro  le, 
conflroo  that  tho  two  opootro  oro  olallor  oxcopt  for  tho  oaplltudo  attonuotioa>  Vt^roo  2»,  b  and  c  ohow 
tho  opostrol  coapononto  of  tho  llnoor  oocolorotlon  olong  tho  oubjaet’o  hood  Xi  T  and  t  axoot  raopoe- 
tlvoly,  oonplod  at  vorlouo  tlnoo  whllo  tho  oubjoct  woo  in  o  oaotod  pooltlon»  ■oeouoo  no  pitch  or  roll 
notion  la  prooant  In  tho  cob,  tho  hood  X  ond  Y  oeealaratioao  oro  rolotlvaly  aooll.  lha  opootrol  pooka 
which  occur  in  tho  X  dlractlon  (figure  fo)  corroopond  to  tho  pooka  In  tho  cob  hoovo  occolarotlon  (flguro 
4)t  Tho  lorgor  pooka  aoon  in  tho  naaouroaontb  ooda  ot  12  houro  Indlcota  tho  oubjoct 'o  hood  wo  not 
lovol,  and  tho  occoloranototo  woro  oonolng  o  conponont  of  hoovo  oceolorotion  along  tho  X  oola  of  tho 
hood.  Tho  nation  wMurananta  nodo  ot  12  houro  oeourrod  opproxlnotaly  30  nlnutoo  of  tar  o  2  1/2  hour 
Intorruptlon  of  aotton  for  oqulpownt  ropolr,  and  wy  Indiooto  tho  oubjoct  la  boeonlng  roocellnotad  to 
notion,  Tho  oaotod  oubjoct 'o  occoloratlon  along  tho  hood  X  ojilo  (Flguro  2c}  woo  olallor  to  tho  mb  hoovo 
oecolototion  (flguro  4}> 

Slollor  rooulto  wro  oboorvod  for  tho  oubjoct  in  tho  otondlng  pooltlon.  Aocolorotlono  olong  tho 
hood  X  oxlo  (flguro  3a)  otlll  oppoorod  to  bo  o  rooult  of  tho  h^  not  bolng  lovol,  do  tho  run 
progrooiod)  tho  ooplltudo  of  rooponoo  along  tho  X  oxlo  dlalnlohad,  ouggootlng  thot  aeon  odoptotloo  nay 
hovo  tohon  ploco  for  tho  oubjoct  In  tho  otandlng  pooltlon,  Aocolorotlona  ol^  tho  Y  onlo  (flguro  3b) 
woro  vary  onoll,  and  along  tho  Z  onlo  (flguro  3o)  wro  olnllor  to  tho  cob  boovo  occclarotlOn  (flguro  4), 

Anolyalo  of  tho  doto  naaourod  during  thla  rue  ohowo  uo  ourprlaoo,  and  con  bo  ooplolnod  In  torna  of 
tho  cob  notion,  Tharo  oppaoro  to  bo  llttlo.  If  any,  adaptation  to  notion  ohloh  Influaneoa  tho  hood 
rooponoo.  Adoption,  If  prooont,  la  llaltod  to  tho  onglo  at  which  tho  oubjoct  holdo  hlo  hood  rolotlvo  to 
tho  hoovo  nation, 

gffocto  of  Xouoooi  gub.loet  39 

Oubjoct  39  wo  aopoaod  to  »  nodlflod  ooo  ototo  A  notion  In  which  tho  hoovo  ooeolaratloa  ooplltudo  of 
tho  cob  wo  ottonuotod  to  0,19g  tnt,  tho  opoetrol  onplltudoo  of  tho  cob  notion,  ohown  la  flguro  7, 
Indlcota  tho  woourod  roll  vnloetty  wo  olnaot  ooro,  Tho  problon  wo  not  docunoutod,  but  tho  auopootad 
couoo  la  loot ruwntot Ion  orror.  Ho  othor  Indlcotlono  of  ooro  pitch  and  roll  action  wro  found. 
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Figur*  4.  Cab  aotlon  for  Flguraa  2a»  b»  c 
And  3*1  bt  c. 
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'igui-a  6a.  Haad  x.y.a  caaponaa  of  aubjact  S9, 
atandlng,  facing  atacboard  (noraal 
condition). 


rlgura  6b.  Hand  x.y.a  caaponaa  of  aubjact  !i9, 
atandlng,  facing  atacboard  (nauaaa 
condition  1). 
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riguva  6o.  Uaad  x.y.a  caaponaa  of  aubjact  69, 
atandlng,  facing  atacboard  (nauaaa 
oundltlon  2). 


riguca  7.  tiab  notion  foe  ligucaa  Sa.b  and 
6a,  b.  c. 
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before  aMtla). 

.fid 

‘WF 

Hawd  a  ddatUiarloa 

■1*1 

.(If 

.*<« 

(ill; 

. . 

.dll 

1  .  1  Htad  a  iMtltrdtlan 

_ _ _ _ 

1 

1  .1  .ft  .ft  .1  l.ft  l.l  l.l  l.ft  l.ft  l.u 

liigoMag  (ha) 
ftMIMk  dWhlYlHl 

Vlgura  9c; 

:.  Haad  x.y.i  raaponaa  of  aubjact  47 
atandlngi  facing  bow  (1  alnuta 

bifort  «Mfii)f 


.IN 

Mad  1  itiaUflllih 

.IN 

.  i  Ha«l  t  dcialaMllia 

1.  II 

1  .  1  'Ittft  1  MuaUtaliM 

_ ^  _ 

Figure  9h. 

.1  .ft  .»  .1  l.ft  l.l  l.ft  l.ft  hi  1 

Itagwaaiy  (bg) 

Mftcmftft  ftmiMftftb 

Heed  x>ygS  reeponee  oS  eubjeot  47 
■eetedg  Cectng  eterboerd  (11 
■Inubet  before  eeeeli)* 

f.N 

1  1  CM  heait  MklUiftllM 

.•NN 

.  Mb  ftllih  viWIit 

A  al.-i,  .  ..  . 

■NNf 

igaTiji' 

.*NN 

ftih  tdU  Middtir 

. . 

f  .1  .V  .ft  .1  t.ft  1.1  lift  l.i  1,1  M 
Im) 

tNftMftftimiM'tf 


riguta  10.  Oab  aation  lor  ITiguti.*  8e,  b  aud 
9*,  b,  0. 


Tha  astlon  of  the  aubjact'i  naad  wai  wtaaM-ad  tHtca;  onca  U  atnutar  attar  Cba  cab  action  atartad, 
and  again  5  houri  lauar.  DurHg  tha  aasond  aat  of  aaaauraaanta,  thr  tubjant  aapurtaaoad  tMuaaa, 
paralttlng  'jlthln-aublact  coaparlaona  to  datantlna  If  htad  aotlon  aay  ba  tltacad  ahan  nauaaa  It  praiant. 
Chi  lubjact  coaplatad  tha  nntlrt  i.tm  without  voaltlng. 

the  raaponaa  of  tha  aaatad  aubjact,  facing  tha  bow,  without  nauaaa  la  ahown  In  ngura  5a,  and  with 
nauat'  In  dlguca  Sb.  Th-'  roct  algnlflcin'.  dlftaranca  in  tha  two  maiuraaanti  la  tha  Incraaaad  ution 
balow  C.^  'la  In  bhu  X  and  Y  dlcacttona  when  nauaaa  waa  praatMtt.  In  a  aacond  coaparlaon,  the  raaponaa  of 
tha  abandlnft  auejaot,  facing  atarboard,  without  nauaaa  la  ohown  In  ngura  6a,  and  two  conaacutlva  pnrloda 
with  nauaaa  In  rigutaa  6b  and  c.  Vary  olaarly,  tha  ■otlon  ba.low  0.2  Ha  Incraaaaa  along  tha  Y  ax.la  wtian 
nauaaa  la  ptaiottC, 

Tat  thin  aubjact.  tha  praaanca  of  nauaaa  la  aocoapanlad  by  Incraaaad  antlon  balow  0.2  Ha  along  tha 
haad  Y,  mtd  poaalbly  axaa,  avan  though  tha  action  of  tha  cab  raatalnt  unchanged.  Additionally,  tha 
fraquanclaa  Involved  ara  tha  auaa  aa  thoaa  Idantlflad  by  MoCaulay  and  Kannady  (13)  aa  producing  tha 
hlghaat  Ineldanca  of  aotlon  ilcknaaa. 
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Figure  llb«  Head  x,yi(  raaponaa  of  aubjact  60, 
atandlng,  facing  atarboard  (taaala 
in  other  taatr). 


,Ht 


Haad  y  uatalatallM 


MjUUJuw. 


haad  I  aiaaUtalUa 


•N« 

.m 

j.i#l 

TAW 


Ha*d  I  Hiataiitla* 


_ _ 


•  •<  ■«  •«  >1  III  I.l  I.l  I.l  III  I, I 

rt*BMMp  (Hal 


Figure  Uc.  Head  x,y,i  raaponaa  of  aubjact  31, 
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Figure  Ud«  Haad  x,y,x  raaponaa  of  aubjaot  43, 
•tending,  facing  atarboard  (no 
'..latory  of  aaaala). 
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Figure  12.  Cab  eotlou  for  Figuraa  lla,  b, 
a,  d. 


Kftacta  oC  Mauaami  Subjaot  32 

Subject  52  rxa  axpoaad  to  a  ardltlad  aaa  atata  3  aotlon  In  uhloh  the  haava  aocelcratlan  of  the  cab 
vaa  attanuated  20X.  Tha  apeetral  aaplltudaa  of  the  cab  aotton,  ahoim  In  Figure  10,  Indlcata  conaldarabla 
unwantad  coll  Mtlon  balow  0,2  Ha  for  the  cab,  Tba  oauaa  of  the  problaa  la  unknown,  but  It  did  luit  ooour 
In  later  taata.  Subject  32  reported  periodic  developing  luuiaaa  throughout  the  run,  attributed  to  lack  of 
adequate  ventilation,  poor  taatlng  iMtar,  and  conflnaMnt,  During  tha  teat,  hla  partner  la  tha  cab 
voalbad  tan  tlaaa.  Subject  52  definitely  felt  he  ate  and  drank  leaa  than  nomal.  Tho  antlon  of  tha 
•ubjact'a  head  waa  eaaeurad  twice:  onca  14  ailnutae  after  cab  Motion  rtarted,  and  again  23  houra  later. 
4t  both  tlaoa  the  aubjact  reported  Chat  burning  hand  palna  davelopad  beneath  ttia  head  aount  on  tha  right 
aide,  then  apraad  throughout  tha  area  of  tlM  Mount.  Upon  tightening  the  aount  atrapa,  a  aharp  pain 
developed  In  the*  cornar  of  the  right  upper  Inolaor  which  laated  aevaral  atwutee.  Subjact  32  requaetad 
oaiioellatlon  of  tha  laat  head  Motion  aaaeurenant  (atandlng  poaltlon)  and  Ceralnatlon  of  tha  run  bacauaa 
of  aavara  burning  head  pain  and  developing  nauaaa.  After  the  atrapo  ware  looaened,  tha  head  pain  and 
uariaaa  dltiappaared,  and  ha  ana  able  to  ranova  the  nouiit  aeaenbly  ae  ralmaraad.  Upon  ranoval  fron  the 
cab,  ha  had  no  dlzilnaaa  or  other  problane.  Within  aaveral  ninutan  ha  developed  a  aanae  of  axtrana 
heavinaaa  of  laga,  body  and  ama,  but  daniad  fatllng  light  loauladneaa,  dliilneta,  nuMbnaae  or  tingling. 
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The  iQotlon  of  the  subject *a  head  at  the  atact  of  the  run  (Figure  8a)  was  compared  with  his  notion 
Immediately  prior  to  termination  of  the  run  (Figure  8b).  During  both  masurementa.  the  subject  was 
seated)  facing  toward  the  bow.  There  are  substantial  components  of  acceleration  below  0.2  Hr  along  the  Y 
axis  when  nausea  la  present  (Figure  8b)  which  ware  not  present  In  the  earlier  motion  (Figure  8a).  The 
change  in  head  nutlan  whan  nausea  Is  present  It  aimilar  to  that  previously  observed  Cor  Subject  59  under 
different  motion  conditions. 

Onset  of  Emesis  I  Subject  47 

Subject  47  was  exposed  to  the  aaaia  modified  sea  state  3  motion  previously  described  for  Subject  52. 
The  spectral  amplitude  of  the  cab  motion  la  shown  In  Figure  10. 

The  head  motion  measuronante  began  57  minutes  after  tha  start  of  cab  motion.  Tha  first  haad 
rsaponss,  19  minutes  before  amesia,  (subject  In  a  seated  position,  lacing  tha  bow),  shown  in  Figure  9a, 
exhibits  a  slight  Incrsaaa  in  low  fraguaney  amplltudas  in  tha  head  Y  sccslarstlon.  Tha  twad  response  12 
minutes  before  emesis  (subject  In  a  seated  position,  facing  starboard)  contains  still  larger  low 
frequency  amplitudes  as  shown  In  Figure  9b.  After  maasuraaent  In  tha  first  two  positions  was  complete, 
tha  subject  began  feeling  warm.  Cab  tenperatura  was  77.8*  F.  Finally,  tha  hud  rsaponss  one  minute 
before  emesis  (subject  In  standing  position,  facing  tha  bow),  shown  In  Figure  9o,  was  pradomlnatsly  low 
frequency  motion  In  tha  Y  axis.  One  alnuta  after  the  last  measuraMnc  was  eonplats,  tha  subject  voidtad 
on  the  floor.  Subjrot  47  continued  with  tha  run  for  an  additional  22  hours,  and  axperlancad  nlna  more 
episodes  of  vomiting.  Haad  motion  msasursaants  for  tha  following  day  wars  cancallsd  by  tha  madlcal 
monitor. 

Data  from  Subject  47  damanstcaca  vary  dramatically  the  prograsslva  increase  in  low  frequency  lateral 
motion  that  accompanlaa  the  prcgrasslon  of  nausea  to  aswals.  Tha  motion  along  tha  Y  axis  of  tha  haad  is 
characteristic  of  all  thraa  subjects  vdio  reported  nsusaa  while  haad  motion  was  being  rscerdad. 

Comparison  of  4  Subjects 

Four  subjects,  for  whom  haad  motion  was  racordad,  ware  exposed  to  ths  standard  sea  stats  5  motion 
(Figure  12).  Subject  59  voadtad  three  minutes  after  haad  motion  was  aaasurad.  Subjact  60  vomltad  during 
a  diffarant  axpoaure  to  asa  atata  5.  Subjacta  51  and  43  did  not  axparlanoa  sMSts  during  tha  antlra 
program.  Tha  isotions  of  ths  four  subjects  wars  compered  to  determine  If  dletlngulahlng  charactarlstlca 
could  be  Identified  which  may  be  used  to  predict  ausoaptlblllty  to  motion  slcknoss.  None  were  found. 

More  surprlelngly,  tha  charsotarlstlc  low  frequency  compopents  of  Y  acceleration  pravlously  obaarvad 
during  nausaa  were  not  praaant  for  Subjact  59  Just  prior  to  amsets,  while  he  wee  In  a  standing  position, 
facing  starboard  (Figure  11a).  Tha  chsractsrlsttc  head  motion  was  assn  In  ths  ssstad  position  asvsrsl 
mlnutss  ssrllsr  (not  shown),  and  In  a  previous  run  Involving  Subject  59  in  both  ssstad  and  standing 
positions  (Figures  5b,  6b).  No  axplsoation  for  ths  sbasneo  of  low  frequency  Istarsl  haad  motion  wms 
found.  Subjact  59  raportsd  that  ths  ssouth  mount  which  ha  had  bean  waarlng  for  13. S  mlnutss  before 
vomlclng,  caused  the  sicknaas.  not  ths  motion. 

Hand  motlors  for  Subjects  60,  51  and  43  (shown  In  Figures  11b,  c  and  d,  raspsotlvaly)  standing, 
facing  starboard,  wars  puxsling.  Said  X  and  Y  scoalsratlons  for  all  three  subjacts  showad  small,  but 
usaaucebls,  low  frequency  componants  (near  0.1  Ha)  which  wars  not  ptssant  In  tha  cab  motion  (Figure  12). 
Ths  nschsnism  which  produced  tha  low  frsqusncy  smtlon  la  unknown. 

CONCLUSIONS 


Ths  ci-lstlonshlps  butwssn  moving  anvlronusnts  with  complex  aotlou  apactrs  balov  1  Ha,  ths 
thrae-dimsnslonal  motion  of  a  subjact 'a  head,  and  ths  prasancs  of  neussa  wars  axaalnad.  Unfortunataly, 
aufflclant  Information  for  dstamlnlng  cause  end.  effect  reletlonahlps  Is  not  evelleble.  Firet,  the 
history  ol  the  evolution  of  heed  motion  from  e  normel  to  c  neuseeted  etete  le  not  known  slnne 
meeaurements  wars  mads  only  during  widely  soparatad  Intarvals.  primarily  bscauss  of  tha  dtacomfort  causad 
by  tha  initrupwntatlon.  Second,  tha  haad  angular  acoslaratlona ,  which  wars  aaall  but  possibly 
significant,  could  not  be  datarnlnad  froa  tha  data  racordad.  Third,  position  and  orlantatlon  of  tha 
haad,  which  era  not  completaly  daflnad  by  accalsratlon,  could  not  ba  datarnlnad.  Finally,  at  ths  tins  of 
tha  axparlmant.  It  was  not  known  that  tha  oharactarlsttcs  of  the  haad  notion  wars  changing,  and  no 
apaclal  attantloii  waa  glvan  to  docuaantlng  tha  subject's  awsrsnata  of  notion  dlacowfort,  Nonstbalaas, 
tha  following  important  conclualona  era  madai 

1.  Obsarvatluna  Indloata  that  tha  Incldtnoa  of  amsals  Incrsaaaa  as  tha  amplltuda  of  tha  apactral 
componants  near  0.16  Ur  Increasaa  for  complex  apaotra. 

2.  Obaarvatlona  Indloata  that  nausaa  dua  to  notion  alcknaat  la  usually,  although  not  alwayt, 
aucoapanltd  by  Increaaad  lataral  aocalaratlon  of  tha  haad  with  a  apaotra.l  content  lass  than  0.2  Ha.  Tha 
aschanism  which  cauaaa  thla  la  not  known. 

3.  Inatrumantatlon  uaod  to  naaaura  haad  motion  contributed  to  nausaa.  Inntruaantatlon  not  mountad 
In  tha  mouth  would  bs  aora  accaptabla  to  tast  subjacta.  and  could  probably  collect  moretdata  with  lasa 
Inoonvanlenoa . 

4.  Angular  aocaleretloni  of  tha  heed  ware  axtremaly  small ,  and  could  not  be  aaasurad  with  tha 
Instrumentation  used. 

5.  Ralatlonahlps  batwean  motion  and  motion  sicknaas  can  ba  datarnlnad  wch  nora  sffwctlvaly  If  tha 
notion  data  are  collmotad,  analyiad  and  raportsd  idtlla  the  axpstlmmiit  la  in  progress.  Tha  low  data  rates 
Involvsd  aakm  raml-tlmt  analysis  faastbla  with  atats-uf-ths-art  aqulpaMat  now  avallabls. 
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Thtt  experlmntal  resiilta  reported  In  thla  end  related  papers  deaonatrata  Che  utility  of  studying  the 
effects  of  notion  on  people  In  a  controlled  laboratory  environment  with  repeatable  notion  conditions*  It 
is  expected  thct  the  nethodologies  developed  for  Che  SBS  eiauleClou  nay  readily  be  extended  to  other  ship 
notion  problene*  Bxaaples  Includal 

1*  Kotlone  which  are  known  to  cause  a  problaa  on  ships  can  be  reproduced  with  Che  slnulator*  Tha 
spectral  contant  of  tha  notion  can  be  andlfled  to  detersilne  which  conponents  of  coaplex  notion  are  tha 
principal  causa  of  tha  problan,  and  sensitivity  to  snail  changes  In  anplltude  and  frequency  of  specific 
apactrsl  conponaute  nay  be  studied. 

2.  The  affect  of  novlng  a  workstation  frost  one  location  to  anothar  In  a  ship  can  be  studied  by 
aaklitg  the  appropriate  nodlflcatlon  to  the  elaulator  motion. 

3.  Hunan  response  to  motion  of  new  whip  designs  can  be  sveluatsd  by  using  the  predicted  motion  to 
control  the  motion  almulator. 

4.  Facfonunce  measuring  aqulpmsnC  can  be  evaluated  before  It  la  taken  out  to  eaa. 

5.  Contours  which  relate  frequency ■  amplitude  and  axpoaure  time  Co  performance  can  be  datarmlnsd 
for  use  as  guidelines  tor  ship  design  anglnests. 

6*  Criteria  which  relate  ship  motion  to  crew  performance  ar.d  disruption  of  ehlpboacd  activity  can 
be  developed  as  guidelines  for  ship  operations. 

7.  Habituation  to  specific  motions  can  be  evaluated. 

8.  Effaces  of  antl*eaiclon  sickness  maasurss  can  be  sveluatsd. 

9.  Fatlgus  from  specific  notions  can  be  evaluated. 
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provisions  of  prevailing  national  and  international  guidelines  concerning  huaan  experlmantation. 

Special  racognitlon  mist  be  given  to  Willard  Hunt  and  David  Knouss  of  the  NBDL  Biolnstruaentatlon 
Department  for  collecting  and  documenting  the  mtion  data,  and  to  Walter  Kaukar,  Wehrtsehnlk  BAkWVT, 
Mannheim,  West  Germany,  for  odsptlng  the  computer  prograaa  for  analysis  of  the  motion  data.  Mr.  Kauker's 
work  was  performed  during  a  one-yaar  assignment  to  this  laboratory  under  an  engineer  exchange  program 
with  West  Gemany.  The  authors  are  most  apprecistlva  of  Arthur  Prell  for  praparing  the  figures,  and  of 
Mary  Harbsson  for  editorial  aaslstance.  Finally,  apeclsl  thanks  are  axtsndad  to  Judy  Johnson  and  Linda 
Nicholson  for  the  excellent  work  they  did  praparing  the  manuscript  for  publication. 


OMAN:  1}  Have  you  triad  to  quantitativaiy  evaluate  O'Uaalon  end  McOeulay’t  eimple  frequency  modal 
agelnet  your  data,  or  ie  yuur  ebiarvation  that  aa  the  low  frequency  epectrel  peek  daecaeees  (with  In- 
craeelng  eaa  atata),  see  licknees  increeaaa  ai  per  HcOaulay  a  qualitative  guaiet  2)  Axe  your  findinge 
re  heed  acceleration!  -apparent  "edaptatloa''  of  leyaptomatlc  aubjeet  over  2S  houre  in  Y  axis  aoeel- 
eretlon  -  Incraaiad  low  frequency  Y  exit  accalarstlon  when  other  tubjacte  become  tick  auggeativa  that 
aaynptometlc  eubjecti  work  to  keep  their  head  vartioal,  and  don't  care  about  it  as  they  get  siok,  end 
eeyaptemetlc  lubjectt  acquire  “lei  iage"I 

AMDERBONi  The  date  reported  repreaente  only  three  dUferaet  motions,  aieh  with  lolstivtly  fow 
sample  points.  Mo  attempt  waa  sude  to  datatmlne  aa  algorithm  lor  combining  nultlpio,  low-froquaaey 
compononta  to  predict  motion  elcknoii.  However,  the  preeanee  of  two  spoetrel  eomponenta  in  soe  state 
i  it  correlated  with  increased  incidence  of  tntion  eicknose.  got  statos  3  snd  A  ere  both  complex  mo¬ 
tions,  but  stoh  bss  only  oni  major  tpaotral  componsnt  btlov  0.4  Hi.  Tba  Inoidtncs  of  motion  slckasas 
prsdictsd  by  ths  Uanlon/MoCaulay  modsl  sgrsas  with  ths  alokness  obssrvsd  for  sea  etatas  3  and  A, 
Although  the  lateral  haad  motion  appears  to  bt  consiettat  with  otbar  itlmnli  which  produce  sMtion 
eicknais,  it  wee  not  anticipated  in  e  predcminently  baavo  anviroamaat.  Conesquaatly,  ve  did  not  col¬ 
lect  any  imformetion  which  would  define  ■acbaniaae  that  produced  the  motion.  For  future  work  we  are 
developing  e  oomputer-beeed  syatam  to  collect  and  analyse  date  while  the  axperimaat  ie  in  progroes. 
Aa  e  eubjaet  response  cheuges  he/iha  may  bs  obssrvsd  on  elosad  circuit  IT,  or  msy  bo  quarisd  vis  sn 
iotstcom  to  ths  esb,  sad  vs  saticipsta  having  a  vary  sdaptivs  and  flsxibls  tsst  snviroamsnt  in  wbiob 
unsxpeeted  ralstionahips  esu  ba  Idsntifiad  end  studied  vary  rapidly. 

VOK  GlEEKXi  Where  was  ths  cantar  of  rotation  for  ths  esb  motionsT  Doss  tbs  Inoraasa  in  head 
V-aotlons  indicsts  s  dacresaa  in  ths  body's  esmpaasstian  lor  ths  forotd  oseillstioost 

AHDEHSONt  Cab  notions  wars  massursd  On  the  heave,  pitob  and  roll  control  olrouite;  on  tbo 
haava,  pitch  and  roll  aissmbliaai  and  on  a  work  table  in  tha  cab.  Utave  saitions  at  tha  thxea  loca- 
tiona  agraed.  Pitch  and  roll  aeaaucad  it  tha  tsbls  had  larga  arrora  and  9auld  not  ba  usad  for  an- 
alyais,  Osnter  of  rotation  was  about  18  Incbas  beneath  tha  floor  at  tha  oab.  Gauss  of  ths  Inotsassd 
y-notions  of  tha  head  is  an  uaanawartd  question.  Eovsvsr,  whatbor  tha  subjaet  tsesd  forward  or  star¬ 
board  saamed  to  hava  no  offset  on  tha  head  notion,  auggaatiug  thn  Utsral  haad  motion  was  not  cloaaly 
couplad  with  tha  angular  motion  of  ths  esb. 
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A  OOUBLE  BUND  COMPARATIVE  TRIAI.  OF  POWDERED  GINCER  BOOT, 
HYOST.'IE  HYDROBROHIDE,  AND  CltniAKUlNE  IN  THE  PROPHYUXIS 
OF  MOTION  SICKNESS  INDUCED  BY  CROSS  COUPLED  STIMULATION 
by 

J. R.R.  Stott 
H.P.  HubbU  t 

K. Bi  Sponcar 

RAF  Inatltutc  cf  Aviation  Kadlclna, 
Farnbotough,  Hoavahlra  U.X.  CUI4  6SZ, 

t  Fraicnt  addraiai  No  3  RAAF  Hospital ,  RAAF  Baaa, 
Rlchaaod,  Now  South  Valai  27S5, 


SUMMARY 

A  double  blind  laboratory  trial  waa  cor<ducted  to  study  the  rslativa  afftotivansas  of  powdsrsd  gingtr 
root  (IG),  hyoicina  (0,6  ag) ■  cinntrlzina  (15  ng)  and  a  placebo  in  Incrtaiing  the  tolsranes  of  aubjscti  to 
the  devalopnant  of  notion  aicknaat  ayoptooi  inducad  by  croas  couplad  itinulation.  Tsats  wsra  carrisd  out 
at  weakly  intervals  on  sixteen  subjects  two  hours  eftar  taking  each  drug.  In  order  to  stssss  ths  affect 
of  each  drug  on  psrf onaance ,  a  range  of  tests  was  carried  out  in  the  period  betwesn  ninety  ninutas  and  two 
hours  after  taking  ths  drug. 

The  study  confimsd  the  affectivenesa  of  hyosclns  li  delaying  the  onset  of  siotion  sicknsaa  synptoms 
end  showed  clnnarlsina  to  be  similarly  affective.  However  it  failed  to  substantiate  s  previous  report 
that  povdarsd  root  ginger  is  of  value  in  the  prophylaxis  of  notion  sicknass.  Significant  diffsrsneas  in 
tha  rasults  of  parfonntnee  tetica  wars  found  only  after  tha  adnlnistration  of  hyosclna,  which  producad  a 
small  dscresss  in  subjective  alartnuas  and  a  reduction  in  ths  velocity  of  saccadic  syw  novsatsnts. 


INTRODUCTION 

Druga  that  are  of  vslus  in  the  prophylaxis  of  cation  sickness  belong  to  a  variety  of  pharmacological 
groups.  Anticholinergic  drugs  (hyosclns,  atropine),  anti-histaminics  (proasthaiins,  cyclisins,  cionari- 
sins)  and  syapathomimaties  (aaphstomins,  ephadrine)  havs  all  been  shown  to  be  sffsetiva  in  dalsying  ths 
onset  or  preventing  ths  eceurrsnee  of  notion  sicfcnsos  (1,2).  All  chase  drugs  exert  thslr  affect  princi¬ 
pally  through  thslr  action  on  the  central  nervous  system  and  may,  in  consequence,  show  side  sffsets  that 
limit  their  ussfulnsss.  Indeed,  a  pharmacological  action  on  ths  esntral  nervous  systam  may  well  ba  an 
esssncial  rsquirsasnt  of  any  drug  which  is  to  bs  activs  against  the  full  syndrome  of  nation  illness. 


A  rscent  paper  by  Mowrsy  end  Clsyson  (3)  which  reports  e  prophylactic  effect  on  ths  developsMnt  of 
motion  sickness  following  the  administration  of  powdsrad  ginger  root  is  of  particular  Intsrsst.  Powdsrsd 
root  ginger  it  not  ktuwn  to  have  any  action  on  'the  central  nervous  system.  It  contains  a  number  of  aro¬ 
matic  oils,  tlngibersne,  gingerol  and  tsrpane  dsrlvstivss,  whose  pharmacological  actions  sra  chose  of  a 
carminatlvs  (4).  They  set  directly  on  the  gut  to  relax  ths  cardiac  sphincter  and  possibly  to  prosats  on- 
ward  movsmsnt  of  the  gut  contents. 

Sums  therspsutic  benefit  of  cinnarisins  in  e  single  dose  of  150  ag  was  noted  in  a  comparative  trial 
of  sixteen  drug  combinations  by  Wood  and  Oreybial  in  1968  (1)  but  its  efface  was  smell  ccaparsd  with  hyo- 
scina  or  promsthaslns .  Its  value  in  seasickness  was  dsmonstratsd  during  ass-going  trials  by  Uargreavss 
(5)  St  a  lower  dots  level  of  ng  t.d.s,  It  has  in  recent  years  gsineit  wide  sccaptsoce  in  tha  prophylaxis 
of  tsasicknsss  on  account  of  having  a  long  duration  of  action  and  a  lowiir  incidence  of  drowsinass  as  com¬ 
pared  with  hyosclns  and  with  other  aati-histsaines.  However  no  other  laboratory  trial  of  the  anti  -motion 
sicknass  properties  of  cinnorliias  at  currently  rscamasadad  doss  Isvslii  has  base  carried  out. 

Tliara  ie  ampls  expsrinsntal  svldance  for  the  sffsetivsnsss  of  hyosrine  in  sation  sickness  prophylaxis 
(reviewed  in  2) .  It  was  included  in  tha  present  trial  as  a  standard  against  which  to  Caspars  both  tlisrs- 
peutic  affectivanssn  and  ths  incidence  of  side  effects. 

METHOD 

Sixteen  fit  male  volunteers  took  pert  in  the  trial.  In  order  to  assess  their  susceptibility  to  motion 
sickness,  subjects  on  entry  to  tbo  trial  conpletsd  the  Rasson  notion  sickness  questionnaire  (6).  No  selec¬ 
tion  of  subjects  was  node  on  ths  basis  of  uctlon  sicknass  susceptibility.  However,  one  subject  woe  replecsd 
in  ths  trial  beeauRS  the  prsllminary  tsst  failad  to  produce  any  symptoms  of  motion  sicknass.  Ths  sixteen 
subjscts  hod  a  mean  sga  of  23.4  yrs  (range  20-44),  and  tbs  motion  sickness  questionnairs  Indicatad  suscep¬ 
tibilities  ranging  from  ths  2nd  to  tha  93rd  percentiles. 

The  Motion  Stimulus.  Motion  sickness  symptoms  wars  inducad  by  cross-coupled  (  u  ’iolls)  stimulstion  of  the 
ssml-circulac  csnsls  (7) .  Subjscts  were  esstsd  in  so  snclossd  cab  mounted  on  s  horisontsl  turntable.  Tbs 
osb  wss  internally  llluminatad  and  tllowad  its  occupant  no  viaw  of  tha  outside  world.  Ths  subject  was 
rsquirsd  to  neks  hoad  movsnsncs  slthsr  forward  or  backward  in  pitch  or  to  ths  left  end  right  In  roll  through 
an  angle  of  45  dsgrsts  from  ths  vertical,  ths  limiting  positions  bting  determined  by  heed  reste  mounted 
vitbin  the  cab.  Ths  subject  followed  a  prs-taeordsd  ssquence  of  instructions  which  asked  him  to  sisks  a  head 
movement  every  tArec  ssoonds  to  or  from  each  hssd  position  in  ra^omissd  order,  each  ssquanes  lasting  for  30 
seconds.  Ths  tufntsbls  wss  sccslsrstsd  at  s  rats  of  0.1  dtg/sac^  for  15  min.  After  this  tins  ths  angular 
velocity,  which  had  reached  90  dsg/ssc,  was  held  constant  for  a  further  5  min. 
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Following  onch  head  moveDent  aequenca,  the  subject  was  asked  to  rate  hit  symptoms.  The  rating  system 
used  was  a  seven  point  scale ■  in  which  a  rating  o£  one  indicated  no  symptoms  of  motion  sickness,  and  a 
rating  of  aaven  indicated  the  level  of  motion  sickness  symptoms  at  which  he  wanted  the  motion  stopped. 

The  intermediate  points  on  the  scale  were  allocated  aa  the  subject  saw  fit.  The  run  was  stopped  either 
whan  the  subject  reached  a  symptom  rating  of  seven  or  at  the  and  of  twenty  minutes. 

One  week  before  starting  the  trial  proper  each  subject  was  given  experlsnct  of  the  lontlon  stimulus 
profile.  He  was  thus  abla  to  practice  rating  his  motion  sicknass  aymptou  and  to  find  a  level  of  symptoms, 
that  fell  short  of  frank  vomiting,  to  which  he  would  be  willing  to  progress  in  the  subsaquant  four  test 
runs.  Ue  was  also  urged  to  withdraw  from  the  trial  at  this  point  if  ha  had  any  doubt  about  completing  tha 
rsmsinlng  four  test  sessions.  In  tha  event,  none  did  so  and  all  16  aubjects  completed  the  trial. 

Two  hours  before  the  etart  of  the  teat,  eubjacta  took  one  of  the  lollowingl  0.6  mg  hyoacina  hydrobro- 
mlde,  15  mg  cimiarizine,  1  g  powdered  ginger  root,  1  g  lactoaa  (placebo).  The  drug  waa  contained  in  two 
gelatine  capsulea.  Xll  capaulas  wart  made  identical  in  appearance  by  tha  inclusion  of  lactose  end  email 
quantities  of  ceremel  end  cocoa  colouring.  The  order  of  edministration  of  tha  drugs  was  randomised  using 
non-repeating  4  x  (  latin  squares .  Hsither  ths  subject  nor  tha  experimenter  knew  which  drug  bed  been  taken 
on  any  particular  occasion. 

In  order  to  avoid  vartscions  due  to  possihla  offsets  of  clrcsdisn  rhythm  on  parformsnee,  end  to  reduce 
the  poeeibility  of  adaptation  to  tha  stotian  itimulue,  each  subject  wee  teeCed  at  the  een  time  of  day  at 
intervale  of  1  deyi  over  a  four  week  period. 

Secceda  Meegurement 


The  aubject,  aeated  in  the  dark,  faced  e  black  ecrean  which  carried  e  horisontel  row  of  nine  red  light 
emitting  dlodea  (LEDe).  The  central  LED  waa  aituatad  at  aye  level  two  matrea  In  front  of  tha  subject,  a^ 
tha  LEDs  on  either  aids  aubtendad  5,  10,  15  and  20  dagraea  to  left  and  right.  Eye  movamanti  warn  recorded 
alactro-oculographlcaUy ,  Head  movamant  was  reatricted  by  msaua  of  a  blta  bar.  Tha  aubjact  was  instructad 
to  gaze  steadily  at  tbs  centra  light  and  to  ahift  hia  gaze  as  rapidly  aa  possible  to  whichever  peripheral 
light  appearad.  Undar  microcomputer  control  (UP  65)  tha  central  LED  waa  illuminated  for  a  period  which 
varied  randomly  bstwsen  3  end  6  seconds,  after  which  time  one  of  tha  peripheral  LKDe  appeared.  This  event 
■Imulteneouely  initistod  analogue  to  digital  convaraion  of  tha  elactro-oculogrtphlc  (EDO)  signal  for  tha 
following  ana  second  period  at  e  rata  of  500  samplaa/eecond.  k  total  of  40  laccadaa  ware  etorad  on  disc 
foe  subsequent  analysis. 

Computer  analysis  of  each  saccada  daterminsd  its  vslocity  from  tha  alope  of  a  straight  line  fittad  to 
tha  saccadic  portion  of  tha  EOG  racord  betwasn  lOX  and  65X  of  its  total  amplitude.  Tha  analysis  also  mssa- 
ursd  sscesds  Istsooy  -  ths  time  from  ths  appeeranca  of  the  peripheral  light  to  tha  start  of  tha  sareada, 
and  saccada  dai'iclamoy  -  tha  extant  to  which  the  primary  saocada  fell  short  of  tha  desired  amplitude  of  eye 
movement.  The  EOG  record  for  each  seceede  was  plotted,  overlaid  by  the  idealised  secceda  as  derived  by  the 
computer.  Those  sacesdee  in  which  tha  computer  algorithm  had  failed  ware  excluded  from  further  tnelysls. 
Average  veluee  for  saecade  velocity,  latency  end  primary  saccada  defloianey  were  computed  for  the  5°,  10°, 
15°  end  20°  daflar.tione,  left  deflections  and  right  dsflactlons  being  considsrsd  together. 

Subjective  end  Obiactiva  Msssures  of  Psychological  and  Physiological  Function 

Thn  following  poycbo-phyeiulogicel  perfoemsnea  taste,  selected  on  ths  basis  of  their  likely  sensitivity 
to  ths  affect  of  ths  drug  on  the  CNS,  were  carried  out  batwesn  90  minutes  and  2  hours  after  taking  each 
drug. 

Subjective  Estimation  of  Alertness.  Tha  subject  was  asked  to  make  a  mark  on  a  lina  100  nm  In  langth  at  a 
point  to  the  ieit  o(  csiitre  if  ha  felt  note  drowsy  then  normal  and  to  ths  right  if  g»rs  alert. 

Ocular  Accomnodstlon.  Near  point  was  mssaursd  for  each  aye  separately,  using  ths  KAF  Near  Point  Rule. 

This  consistsd  o(  a  card  bearing  letters  in  N5  typa  mountsd  on  a  rule.  One  end  of  ths  rula  was  positioned 
undar  the  subject's  eya  and  ths  card  was  moved  slowly  towards  tha  aubjsot  until  he  reported  that  ths  print 
appeared  blurred,  Tha  distance  of  tha  card  from  tha  eya  was  rood  from  the  scsla.  Ths  near  point  for  each 
eye  was  noted,  and  tha  mean  of  the  two  meeeuremsnts  calculated. 

Hiseing  Digit  Taet.  The  teak  utilised  an  Apple  IX  computer  which  presented  sequentially  upon  the  ecrean  a 
randomly  ordarah  asriaa  of  ulna  of  tha  tar.  digits  0-9,  at  a  rata  of  one  par  second,  followed  by  an  audibli 
tone.  The  subject  use  required  to  identify  tha  missing  digit  in  the  earles,  end  to  respond  by  depressing 
the  appropriate  key  on  a  numerical  key  pad.  The  percentage  of  correct  ratponass  in  twenty  trials  was  com- 
putsd,  as  well  ss  the  average  ratponee  time  for  the  correct  reeponaes. 

Critical  Flicker  Frequency.  Tha  fliokar  fusion  frequency  waa  msasnrad  using  s  portable  Flicker  Fusion  Teat 
Hstar  (Casdav  Ltd) .  It  consisted  of  a  cloaad  oetat  tuba  20  nm  long,  having  su  ayaplaca  at  oua  and  and  an 
orange  light  amltting  diode  at  tha  other.  Tlie  subject  waa  instructad  to  look  with  hit  right  ays  at  tha 
slowly  flickering  light.  Tha  rata  of  flicker  was  gradually  incraaaad  until  tha  subject  reported  that  the 
light  no  longer  appeared  to  flicker.  The  rate  of  fllcksr  was  iucrsassd  beyond  this  point,  and.  than  slowly 
dsersased  until  tha  subject  rsportad  that  he  could  discern  flickering.  This  eequenca  wee  repeated  five 
tlmae,  thus  obtaining  ten  estimations  of  ths  flicker  fusion  frequency.  Ths  mean  end  standard  daviation  of 
these  raadinga  vara  calculated  and  noted. 

Tha  Digit  Symbol  Substitution  Test.  The  subject  was  given  a  ahaat  of  paper  on  which  vara  200  digits 
arranged  in  10  tows.  At  ths  top  of  tha  page  was  a  V.sy  which  assigned  a  symbol  to  each  digit.  Tha  aubjact 
was  required  to  use  ths  key  in  ordsr  to  writs  the  appropriate  aymbol  below  as  many  dlglte  as  he  could  in 
two  minutes.  Ths  eubjsct's  scots  was  ths  sveregs  nuidiar  of  correct  substitutions  in  two  such  trials. 
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In  order  to  mlnlialen  leerning  effects  during  the  test  runs,  esch  subject  was  given  eleven  practice 
seasloDS  in  which  he  certicd  out  the  vsrlnui  ptrfonience  tests.  The  fiuel  prectlce  session  included,  in 
addition  to  the  parfornance  taits,  Deasureioant  of  saccada  velocity  and  axpoauia  to  the  cross-coupled 
etioulue  test  profile, 

SESULIS 

Prophylaxis  of  Motion  Sickness 

Statistical  analysis  was  based  on  the  tine  taken  for  the  aubjecte  to  reach  a  eyopton  score  of  7  on 
every  trial,  analysis  was  bssad  on  tho  tine  taken  to  reach  the  highaet  syoptoa  score  that  was  achieved  on 
all  4  runs,  Pollowing  this  procedura,  a  score  of  7  was  used  for  11  subjacta,  5  for  1  subject,  end  4  and  3 
for  2  subjects  each.  An  analysis  of  variance  was  used  to  test  for  difference  between  drug  trsatoante,  A 
breakdown  of  the  order  effect  revealed  that  it  was  linear  and  repreaantad  an  Inprovaiaeat  in  tine  of  2.0 
ninutsa  from  the  first  to  tha  fourth  run. 

The  treatment  naans  of  individual  subject  times  corrected  for  order  vara  cosipaTad  using  the  Nawiaan- 
Keula  ahrinking  range  teat.  This  indicated  that  hyoscina  was  snro  effective  than  the  ottar  treatments  in 
delaying  the  symptoms  of  notion  aicknaea  (p<,01)  and  that  both  ginger  and  cinnarialna  ware  better  than 
placebo  (,01'<pe.05).  Howaver  there  was  a  difficulty  in  accepting  this  analysis.  The  correction  for  ordar 
did  not  appear  to  have  adaquataly  repxiianted  tha  order  effect  on  all  subjacta ,  Indeed  it  night  be 
unraasonabla  to  expect  t  oonsletont  order  effect  whan  the  ecorae  vara  subjective  and  differed  from  eubject 
to  eubject.  Accordingly,  anelyile  of  covariance  wae  ueed  to  correct  for  a  diffarential  linaar  (by  lubjact) 
ordar  affact.  Tha  results  era  sunniarlaad  in  Tabla  1,  This  analysis  shoved  that  hyoecine  wat  still  better 
than  thn  other  three  treatmeate  (p's, 01),  that  cinnerislne  wee  batter  than  both  the  other  two  (.OKpS.OS), 
but  there  wae  now  no  significant  diffaranca  batwaan  glngar  and  placebo,  Thue,  the  correction  for  differen¬ 
tial  order,  had  completely  removed  the  lignif leant  diffaranca  batwaan  glngar  and  placebo  in  tha  original 
analyiii. 


TABUS  1 


PLACEBO 

CIHCER 

10 

ClimABIZltnt 

13  mg 

HY09C1MB 

0.6  mg 

Tima  to  final  eyuptom  rating  (islna) 

-  corracCad  for  individual  order 
effect 

11.09 

10.96 

12.41* 

14.32** 

Saccada  velocity  (dag/s) 

Sub j active  alartnaaa  (0-10) 

303  S 

299.6 

298.9 

284.8* 

-  bafpra  notion 

-  after  oution 

5.31 

4.21 

4.99 

4.37 

4,96 

.4.57 

4.51* 

4.09 

Near  point  (cm) 

16.34 

17.31 

16.75 

17.81 

Hissing  digit  task 

-  X  error 

-  Ksapoasa  time  (s) 

23.75 

1.35 

25.31 

1.35 

24.69 

1.32 

24.36 

1.32 

Critical  flicker  frequency  (Ut) 

34.24 

34.65 

34.00 

33.89 

Digit  symbol  substitution 

a?  .03 

86.63 

87,31 

86.44 

*  pso.os  **  rso.oi 


Tbia  analysis  appacrad  sssra  reasonabla  than  the  fireti  the  affects  of  hyosolna  and  cinnarisina  were 
unchanged,  while  tha  affect  of  ginger,  which  relied  to  eome  extent  on  two  lubjaoti,  both  of  whom  had  glngar 
on  thair  final  trial  and  placebo  on  chair  firat  or  second,  was  loer..  Unfortunately,  three  other  subjects 
who  performed  wall  with  ginger  in  spite  of  taking  it  on  an  aarly  trial  were  found  by  this  analyele  to  be 
aaiooietad  with  an  ordar  affect  that  represented  a  deterioration  in  parfurtaance  with  tine.  It  la  slightly 
unaatiafactory  that  an  affect  should  ba  lost  «o  coeplatsly  in  this  way,  but  it  raflscts  tha  non- 
orthogonality  of  diffarantlal  ordar  with  tha  traataanta,  Bvan  on  tha  origical  analyaia,  however,  only  11 
of  tha  16  subjacta  petforaad  batter  with  ginger  than  with  placebo,  this  figure  reducing  to  S  on  tha  second 
enalysis.  This  coaparee  with  IS  for  cinahriaina  on  both  enalysas  and  all  l6  for  hyoecine,  also  on  both 
acalyaaa. 

Tha  concluaion,  tharafora,  ia  that  hyoscina  had  a  bansilcial  affsot  in  tncraaaing  eubjaeta'  tolaranos 
to  motion  alcknata  Induced  by  oroaa-couplsd  stimulation,  and  cinnuriiina  a  amallar  banafioltl  affect, 
wHaraaa  ginger  was  not  diatlagulahabla  from  tha  placebo. 

Subjective  and  Objective  Haaaurae  of  Patformanca 

Ocular  Baccadaa.  Tha  data  analysed  wars  mean  atecadic  velocity,  maan  latency  and  mean  saocuda 
daflciancy  for  four  different  angles  of  aye  movaemnt,  A  multlvariats  analyaia  of  varlsnca  was  applied  to 
each  maaaura,  tha  four  angles  bslcg  traatad  aa  saparata  variables. 
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In  th«  aoalyiii  of  saccadic  valoclty  cha  valuas  obtalnad  for  5  dag  aaccadis  ucca  omlttad  aa  thuy  vara 
significantly  sioco  varlabls  than  f.hosa  at  tha  other  thraa  angles.  Tha  results  for  tha  rsDalning  thraa 
englss  vara  aaensd.  Analysis  of  varlenca  ravaelad  a  snail  order  efface,  but  there  vas  no  evldsnca  of  a 
diffarsutial  ordsr  effoct  of  tha  type  obsarvad  in  tha  notion  sicknaas  analysis.  The  larger  traatannt 
affect  was  antirsly  sxplainad  by  the  low  naan  valoclty  with  hyosciua  vfaich  was  lass  than  both  placebo 
(pa.Ol)  and  the  other  tuo  traatnants  (both  .OKpd.OS).  All  coiapatisons  batuatn  swans  vara  nsds,  as  before, 
using  tha  Nsvnan-Keuls  procadura. 

No  drug  sffacta  on  saccada  latancy  vara  obsarvad,  nor  did  tha  sailtivariats  analysis  indlcata  any 
affects  on  saccada  daficianoy,  though  a  large  value  of  saccada  deficiency  vas  fouud  for  10  dagraa  sacesdas 
following  hyoacina.  Thus  tha  auggaation  that  hyoscina  night  ba  having  an  affect  bare  cannot  ba  rigorously 
dasunatratad. 

Subiaetlva  Estlnstc  of  Alsrtnass.  Hsan  scores  for  the  four  eraaeiaanc  conditions  both  bafora  and  after 
exposure  to  the  provocative  nutlon  stissilus  are  prssentsd  in  Tabla  1,  whara  tha  scores  hava  bean  adjusted 
to  ramova  snail  order  affects.  Hyoscina  vaa  shown  to  hava  a  raarginally  significant  (p-O.OS)  offset  in 
inducing  drovsinass  or  lowering  alartnaas  ennparad  with  plaeabo.  No  offset  was  dstaotad  with  tha  other 
praparations.  In  addition,  ths  aubjactivs  naaauras  axhibltad  a  significant  shift  towards  drowsiness  follow¬ 
ing  tha  tast  (p<0.05),  but  as  this  was  aiiually  avldant  in  all  axporinantal  conditions,  this  raflacta  tha 
increase  in  drowsiness  Inducad  by  Cha  Cast  procadura. 

Other  Tests.  Statistical  analysis  showad  no  significant  diffaranca  between  traatnants  in  tha  results  of 
naar  point  aatiaistion,  nissing  digit  task,  critical  flicker  fraguanoy  or  tha  digit  sywbol  substitution 
Cast. 

DISCUSSION 

The  principal  finding  fton  this  axpariaanC  was  the  absanca  of  any  significant  tbarspauclc  or  othar 
affect  of  povdarad  glngar  root,  This  is  in  contrast  to  cha  ati''‘y  of  Howray  and  Clayton  (3)  who  dsBonstratad 
prophylstic  bantfit  froa  powdered  ginger  root  in  axcaaa  of  botii  diannhydrinata  and  plaeabo. 

Thera  are  tavaral  diffarancas  in  axporinantal  nathod  batwaan  tha  two  studies  Chat  swy  account  for  tha 
disparate  findings.  In  tha  study  by  Mowray  and  Olsyson  subjacta  ware  salactad  on  tha  basis  of  a  question¬ 
naire  for  thair  high  susceptibility  to  aoCion  sicknots.  Each  subjacc  was  tasted  once  only  at  10-25  uinutas 
after  taking  one  or  other  of  the  drugs.  Subjects  were  not  ferawtmad  that  tha  tast  would  indues  notion  siok- 
nass  and  ware  askad  to  rsport  only  thoao  synptoos  rafarrabla  to  tha  stomsoh  using  an  arbitrary  nuncrioal 
rating.  Tbs  incanslty  of  tha  nausaogsnic  stlnilus,  dalivarad  by  staans  of  a  chair  rotating  about  an  off- 
vartical  axis,  vas  svidantly  fairly  high  sinca  most  aubjsets  tolaratad  cha  atioulua  for  lest  than  6  sdnutas. 

It  it  likely  that  tha  20-25  minute  intarval  batwaan  tha  administration  of  a  drug  and  exposure  to  prove- 
eativa  ssition  was  too  short  for  diamnhydrinata  to  have  taaohsd  its  full  tharapeutic  laval  in  tha  body  (8) 
and  may  account  Cor  cha  small  degree  of  banaflt  darivud  from  this  drug,  Convsraaly,  it  could  ba  argued 
that  in  tasting  subjects  at  two  hours  altar  drug  ingastion,  as  was  dona  in  ths  present  trial,  any  thera¬ 
peutic  effaces  of  gingar,  which  probably  axarts  its  affect  locally  on  tbs  sbonaob,  may  already  have  waned. 
Soma  diffaranca  in  result  may  ba  a  consaquanca  of  not  solacting  motion  sickness  suseaptibls  subjects  for 
the  prssant  trial.  Uowavar,  tha  results  show  no  avidancs  that  those  eight  subjects  vhoaa  tolarsnra  cbowad 
an  increase  following  gingar  vara  aura  or  laaa  susceptible  to  motion  sicknaas  aa  indioatad  by  their  score 
on  ths  Ksason  motion  sioknass  quastionnairo.  Likawlsa,  Hargraaves  (5)  found  a  sisdlar  subjaotiva  benefit 
from  clunarisina  among  thosa  vith  a  history  of  ss.isleknaas  as  coaparad  with  ths  total  study  group.  Tha  wide 
range  of  motion  aicknaai  suaoaptlbllity  of  tho  oubjaota  influencad  the  choice  of  a  continuously  incrementing 
turntsbls  spsad  in  ths  stimulus  used  to  indues  motion  sickness.  By  usa  of  this  profile  suseaptibls  uubjacts 
did  not  bscoma  unwell  bafora  making  c  raaionaiila  number  of  twad  uovoaiants  while  relatively  raaiatant  aub- 
jacta  avantually  reached  a  atimulua  level  at  which  they  aleo  ware  vandarad  motion  aick.  Diversity  of  motion 
alcknssa  suscaptibllity  and  llmitationa  on  the  niusbar  of  potential  axparimuntal  subjacta  made  it  prufarabla 
to  teat  each  subjact  rspastsdly  under  all  four  drug  conditions.  This  allowed  wlthin-aubjact  atatlatlcal 
coBparisona  to  ba  msda.  Evan  so,  valid  conclusions  wars  only  rasohsd  by  allninatlon  of  ordsr  affects  which 
varied  from  subject  to  subjact. 

While  subjectively  assssssd  drowsinsss  was  detactsd  following  hyoaciiu,  the  objaatlva  naaauraa  of  par- 
formanoa  uaad  in  ths  trial  yielded  no  significant  ditfscancas  batwaan  traatmanta .  Loss  of  ocular  accom¬ 
modation  fallowing  hyoacina  haa  bean  reported  aa  s  promlnsnt  side  effect  in  soma  subjsots  who  rsoaivsd 
hyoscina  fur  prolonged  psrioda  either  orally  (8)  or  by  tatant  of  a  tranadartsal  patch  (10) .  Hyoscina  haa 
also  bssn  shown  to  inpslr  short  term  mauory  of  items  in  a  vocally  prasantad  Hat  (11).  Soma  performance 
dacramant  night  tharafora  have  bean  axpactad  in  tha  execution  of  the  missing  digit  task,  in  Which  nuadtsrs 
were  prasantad  visually.  Ths  digit  syskol  substitution  tast  has  bssn  used  as  a  psrfonoancs  tast  to  detect 
the  central  narvoua  lystam  affacta  of  atvaral  caosodiaaapiha  drugs  (12).  Ths  tast  is  skin  to  wltlng  in  an 
uufsmlllsr  script.  Eor  tha  tast  to  give  useful  raaulta  a  laxgs  nuahar  of  prslimiecry  prautica  aassiona  era 
naoaasary  to  rsduoa  laarnlng  sffacta,  so  it  am./  ba  that  tha  alavsn  praotica  taisiona  tmployad  in  tha  prsiant 
itudy  wtra  inaufi'icisnt  to  yield  a  taat  of  optimal  aanaitivity. 

Tha  affect  o.f  drugs  on  saccadic  syt  movamsuts  has  beta  studied  in  relation  to  alcohol,  marijuana, 
mathadoua  and  tha  banaodiasapinsa  (13,14,15,16).  Saccada  latency  -  tha  time  takan  to  Initista  s  sacusds 
following  s  visual  stiaulus  -  la  a  mtsaura  of  ths  sensory  compcaant  of  the  saccadic  rasponaa.  Saccada 
velocity  on  tha  othar  hand  is  an  sttributa  of  tha  motor  caaponant  of  tha  raaponts.  Gartain  drugs  affset 
predominantly  one  or  other  oonponant  (17’; .  The  reduction  of  aaccodio  velocity  found  in  tha  present  study 
following  hyosolca  sdolnis tret ion  hat  mt  previously  bssn  dosorlbad.  This  affect  of  hyoacina  it  similar 
to  that  ptoducad  ly  tha  bansodlasaplna  group  of  druga  and  by  alcohol.  Baduotion  in  saccada  velocity  is 
probably  an  indication  that  thasa  drugs  are  exerting  a  daprossanc  afftet  on  an  area  of  tha  psntlna  reticular 
foraiation  raaponsibls  for  genarating  tha  sacoadio  pules  (18,19). 


CONCLUSIONS 


Tb«  trixl  ha»  conCinui  tli*  afflcacy  oC  byoacin*  In  tha  prophylAxla  oC  notion  sictuMii  but  ha>  not 
•hown  any  banaficial  nifact  following  tha  admialiCratlcn  of  powdarad  gingar  root.  Cinnarlcint  haa  alao 
baan  ahown  to  ba  affactiva  at  a  ttlatlvaly  low  doaa  lavel.  tha  prophylixla  providad  by  15  ng  cinnarialna 
waa  aonavhat  laaa  than  that  following  0.6  ng  hyoacina. 

Uhila  thara  waa  aona  avidanoa,  both  aubjactiva  and  objactlvat  of  tha  CHS  dapraaaant  affact  of  hyoaoinai 
no  auch  affauta  vara  found  following  cinnarialna.  Dua  eara  howavar  la  nauaaaary  in  extrapolating  thia 
nagativa  finding  to  hlghar  doac  lavala  of  oinntriaina  or  to  aituationi  in  which  a  high  aubjaot  parfomanct 
laval  ia  vital. 
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DlgCPgglOII 


UHHEDYi  H«i  your  digit  syabol  t«it  leorad  in  Mns  of  poreant  eorriet  ii  oppOMd  to  nwbtr  cor- 

ract? 

STOTT;  Mo,  it  was  acorad  on  tha  baala  of  tha  niabar  of  aubatitutiona  that  ttaay  nada  aaeludlng 
thoaa  aubatitutiona  that  vara  inoorraotly  nada  but,  la  fact,  I  think  I'n  right  in  aryiag  that  ainoat 
nobody  nada  an  inoorract  aubatltution  and  raally  it  waa  a  nanaura,  if  you  Ilka,  of  hand-aya  coordina¬ 
tion. 


USCMKK;  1  would  juat  lika  to  naka  a  coaaaant  about  tha  obaarvatlon  which  you  raportad  wbara  tha 
aubjacta  appaarad  to  bacoaa  nora  aanalclve  to  tha  antlon  with  aach  auecaaoiva  taat.  1  waa  wondaring 
whathar  or  not  you  noticad  anything  in  thair  daaaanor  which  wnuld  auggaat,  in  fact  that  Incraaaad  aan- 
aitivity  waa  raally  a  raflaction  of  thair  laaming  that  thay  raally  didn't  Ilka  tha  notion  taat  and 
parhapa  vara  nora  aagar  to  and  it.  1  think  that'a  aamathiag  va  all  hava  to  ba  vary  earaful  about  in 
doing  atudiao  lika  thia. 

STOTT;  1  think  your  intarpratatlon  it  axaetly  oorraet.  X'va  nothing  vary  nuob  nora  to  add,  ax- 
oapt  that  bacauaa  wa  uaad  a  balaaead  daalgn  thia  fact  did  not  aattar. 
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SUMHARI 

The  RAP  Motion  Siokness  Deaeiisltisation  Programme  has  been  in  operation  ainoe  1966  and 
has  to  date  treated  151  alrorew. 

The  programme  consists  of  a  ground  phase  and  a  flying  phase.  Sinoe  January  1981  the 
programme  has  been  located  entirely  at  Parnborough.  Additional  motion  stimuli  have  been 
Inoorporated  into  the  ground  phase  of  treatment  and  the  flying  phase  is  now  carried  out  in 
a  high  performance  aircraft,  the  Hunter  T7. 

Comparison  of  the  results  of  follow  up  for  the  period  1981-83  with  those  for  197*1-80 
indicates  an  Improvement  in  overall  success  rate  and  shows  a  significant  increase  in  the 
number  that  progress  to  fly  in  the  demanding  motion  environment  of  fast  Jets, 


INTRODUCTION 

AirslcRness  is  a  common  problem  In  early  flying  trolnlng,  Rubin  (1),  in  a  survey  of 
airsickness  In  US  trainee  aircrew  in  19*12  quoted  an  incidence  of  IIK.  He  also  noted  that, 
while  the  general  failure  rate  in  training  was  36i,  the  failure  rate  among  those  who 
developed  airsickness  was  52|t.  In  a  similar  survey  emong  UK  trainee  pilots  in  197*1.  Dobie 
(2)  olasslrled  airsickness  according  to  its  effect  on  performance.  He  found  that  38.711  of 
alrorew  suffered  from  alrslokness  at  some  stage  in  training  and  in  1*(.6!(  it  was  suffi¬ 
ciently  severe  to  Impair  the  student's  performance  and  his  ability  to  absorb  instruction. 

The  pattern  of  aireicknesa  during  the  course  of  pilot  training  is  oharaoteristlo.  The 
incidence  of  symptoms  on  early  sorties  may  be  20-30)1  despite  relatively  unprovooative  man¬ 
oeuvres.  This  incidence  falls  as  adaptation  occurs  to  the  motion  stimuli  of  flight,  but 
shows  transient  increases  when  more  provocative  manoeuvres  such  as  spinning  and  aerobatlos 
are  introduced  (3).  Motion  elokness  also  affects  trainee  navigators  and  tends  to  make  its 
appearance  at  the  start  of  low  level  navigation  training.  A  further  group  of  aircrew  in 
whom  motion  sickness  is  a  problem  are  engineers  and  sleotronlos  operators  in  maritime 
reconnalssancs  aircraft  in  which  long  periods  of  flying  are  carried  out  at  low  level. 

In  all  those  groups  the  normal  pattern  ia  of  gradual  spontaneous  desensitlsatlon.  In 
some  motion  sick  Individuals  a  useful  reduction  in  Incidence  may  be  gained  by  the  use  of 
prophylactic  drugs  during  the  early  period  of  training.  Hyosoine  0,3  -0.6  mg  le  the  most 
commonly  used  drug  for  this  purpose,  though  olnnarlzine  has  been  found  useful  for  long 
duration  flights.  In  pilots  the  use  of  such  drugs  is,  of  oourse,  prohibited  for  solo 
sorties. 

In  a  small  proportion  of  subjects,  either  on  account  of  a  hied'>  susceptibility  or  a 
alow  adaptive  response,  motion  sickness  persists,  erodes  oonfidance  and  impairs  ability. 

This  is  reflected  in  poor  performance  in  training  and  an  increased  likelihood  of  suspension. 
The  recognition  of  a  student's  continuing  problem  with  motion  sickness  can  only  ooour  after 
a  reasonable  period  has  been  allowed  for  spontaneous  adaptation,  by  which  time  a  large 
financial  Investment  has  been  incurred.  Furthermore,  susceptibility  to  motion  siokness  is 
no  indicator  of  a  student's  Inherent  ability  at  the  airborne  taskj  notion  sick  aircrew  once 
treated  can  go  on  to  become  not  merely  useful  but  outstanding  pilots  or  navigators. 

The  RAF  programme  of  desensitlsatlon  treatment  for  chronic  airsiokness  was  started  by 
Dobie  in  1966  (27,  and  has  to  date  treated  151  subjects.  Over  the  10  year  period  197*1-1983, 
57%  of  those  treated  have  been  pilots..  27%  navigators  and  l*l)(  aircrew  from  maritime  recon¬ 
naissance  aircraft.  This  distribution  is  probably  not  a  true  Indloator  of  motion  siokness 
incidence  within  these  various  categories  but  reflects  also  the  degree  to  whloh  a  continu¬ 
ing  susceptibility  to  motion  sickness  is  oompatible  with  the  airborne  task.  Though  pri¬ 
marily  a  problem  affecting  alrorew  in  training,  there  is  sufficient  anecdotal  evidence  to 
suggest  that  motion  sioVitess  represents  a  continuing  problem  for  some  alrorew.  How  many 
continue  to  experience  symptoms  and  to  what  degree  Is  not  yet  known. 

In  January  1981  a  number  of  changes  were  made  to  the  desensltisation  programme. 
Responsibility  for  the  programme  was  transferred  entirely  to  the  RAF  Institute  of  Aviation 
Medicine  (lAM)  at  Farnborough  where  the  Initial  aseessment  and  the  ground  phase  of  treatment 
are  carried  out  and  the  flying  phase  la  conduoted  by  the  Medical  Officer  Pilot  using  the 
Institute's  Hunter  T7  aircraft. 
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This  paper  outlines  the  current  practice  in  the  desensitisation  programme,  and  compares 
the  results  of  follow  up  in  those  treated  between  1981  and  1983  with  those  who  underwent 
desensitisation  treatment  between  197*^  and  1980. 

DESENSITISATION  PROCEDURE 

Initial  Assessment 


There  are  no  absolute  pre-conditions  bo  entry  to  the  desensitisation  course,  bub  advice 
from  the  student's  flying  training  school  is  taken  on  his  prospects  of  success  once  he  is 
free  of  motion  sickness.  Also,  we  would  wish  to  exclude  those  who,  allowing  for  the  dis¬ 
piriting  effects  of  motion  sloknees,  think  they  have  made  a  mistake  in  their  choice  of  a 
flying  career. 

Initial  assessment  at  the  lAM  is  made  over  a  three  day  period,  A  detailed  history  of 
motion  sickness  Is  taken  and  inquiry  made  for  relevant  psychological  factors.  Routine 
vestibular  function  tests  are  carried  out  to  exclude  any  unexpected  abnormality.  Assess¬ 
ment  is  made  of  the  subject's  susceptibility  to  motion  slokneeB  using  three  different  pro¬ 
vocative  stimuli  -  cross-coupled  stimulus,  0.3  Hz  +  0.25  8  linear  0^  oscillation,  and 
0.02  Hz,  +1500/seo  angular  oscillation  aooompanied“by  a  visual  search  task  (l().  The  sub¬ 
ject's  likely  rate  of  adaptation  is  assessed  using  a  oross-ooupled  stimulus  of  gradual 
onset,  '  This  test  is  repeated  on  three  suoaesslve  days  at  the  same  time  of  day  using  iden¬ 
tical  stimulus  profiles. 

Ground  Baaed  Desenaitisation 


The  same  types  of  motion  sioknesa-induolng  stimuli,  oross-ooupled,  sinusoidal  linear 
O2  oBolllation,  and  0,02  Hz  angular  oscillation  are  used  during  the  ground  phase  of  treat¬ 
ment. 


Cross-coupled  stimuli  have  formed  the  basia  of  ground  baeed  desensitisation  since  the 
start  of  the  programme  in  1966.  The  subjeot,  seated  In  an  enoloeed  oab  over  the  axis  of 
the  spin  table,  makes  head  movements  in  pitch  and  roll  while  rotating  in  yaw.  The  speed  of 
rotation  is  Increased  in  1  rpm  steps,  and  the  subjeot  makes  five  to  twenty  head  movement 
sequences  at  each  spaed  of  rotation  (each  sequenoe  involves  8  head  movemcints  at  3  sac 
intervals).  The  oab  is  either  illuminated  or  in  darkness,  alternating  every  5  sequencea. 
Every  30  secs,  after  each  sequence,  the  subjeot  gives  his  well-being  rating  (WBR)  on  a 
a  Dale  from  1-S,  defined  as  follows  1 

Symptoms 

No  symptoms.  lOOK  well 
Malaise.  Mild  symptoms.  No  nausea. 

Mild  nausea  *  other  symptoms. 

Moderate  nausea  +  other  symptoms. 

Severe  nausea  an2  stomaoh  awareness  > 

Vomiting. 

Because  of  the  tsndehoy  for  symptoms  of  motion  sickness  to  cascade,  the  session  is  ended  as 
soon  as  the  subject  reports  a  WBR  of 

for  each  session  of  crotts-ooupled  stimulation  an  estlmats  cf  the  stimulus  dose  is 
obtained  by  adding  the  products  of  rotational  speed  in  revolutions  per  minute  and  the  nuw- 
bar  of  head  movement  sequenoee  made  at  that  speed.  Because  sessions  are  generally  termi¬ 
nated  at  the  same  degree  of  subject  malaiee,  graphs  of  this  derived  figure  plotted  over  the 
oouree  of  treatment  give  an  indication  of  progreee. 

Since  mid  198I  the  two  metre  stroke  vertical  vibrating  platform,  operating  at  0,3  Hz 
and  40,25  and  O.t  Hz,  iO.4  O3.,  has  been  used  as  a  motion  slaknesB  pi’ovoklng  stimulus. 

The  stimulus  is  intensified  by  excluding  external  earth  fixed  visual  reference  and  by 
making  the  subject  carry  out  a  visual  search  task,  a  modified  version  of  that  described  by 
Moore  at  al  (4).  The  subjeot  looks  at  a  12  x  12  array  of  numbers,  the  rows  of  whloh  are 
referenced  by  ttie  randomly  ordered  digits  1-12,  and  the  oolumns  by  letters  A-L  also  in 
random  order.  Olven  a  letter  and  a  number,  he  has  to  return  the  refsront^ed  number.  Two 
Buoh  arrays  are  used,  one  just  above  the  eubjeob's  line  of  sight,  the  other  on  his  knee. 

The  subject  uses  each  array  alternately  and  has  to  make  head  movements  in  doing  so. 

Over  the  three  week  period  of  the  ground  phase  subjects  have  twice  dally  sessions,  up 
to  a  third  of  whloh  may  be  carried  out  on  the  vertical  vibrator  if  assessment  has  shown  them 
to  be  sensitive  to  this  stimulus.  In  addition,  one  session  per  week  is  carried  out  on  the 
turntable,  oscillating  in  yaw  at  0.02  Hz  j;150°/Bec,  during  which  the  subject  carries  out  the 
same  visual  search  task  but  without  head  movements,  reading  from  a  slnglr  array  of  numbers 
fixed  to  the  turntable. 

Not  all  aspeots  of  aircraft  motion  oan  be  reproduced  on  the  ground  and  this  phase  of 
treatment  is  regarded  only  as  an  essential  precursor  to  a  period  of  graded  remedial  flying. 

In  the  treatment  of  alrorew  from  maritime  reoonnalssanoe  aircraft  a  flying  phase  of 
treatment  appropriate  to  that  type  of  alroraft  Is  not  available.  For  this  group  the  ground 
phase  of  treatment  is  extended  to  four  weeks  and  oontains  additional  sessions  on  the  ver- 
tloal  oscillator. 


iO-3 


Airborne  Phase  of  DeBenaltlsatlon 


The  airborne  phaae  of  deaensltlaation  follows  the  ground  phase  without  a  break  and  oon- 
slsts  of  10-15  hours  flown  in  the  Hunter  T7  with  the  Medical  Officer  Pilot  who  is  also  a 
qualified  flying  instructor.  The  flight  envelope  of  the  Hunter  is  extensive  and  allows  a 
graded  build-up  of  motion  stimulus  from  physiologically  undemanding  straight  and  level 
flight  through  to  advanced  aerobatics  and  high  speed  low  level  navigation. 

The  syllabus  is  divided  Into  initial  and  advanced  phases  and  is  adapted  for  each  indi¬ 
vidual  from  a  number  of  speolflc  exercises.  For  both  pilots  and  navigators  the  Initial 
phase  is  similar,  but  their  advanced  phases  differ  in  emphasis.  Progress  through  the  course 
is  entirely  dependent  on  the  subject's  rate  of  adaptation,  and  he  is  under  no  pressure  to 
achieve  any  particular  objective  during  each  sortie. 

Initial  phase 

(I)  Familiarisation 

(II)  Straight  and  level  flight  at  various  speeds 

(ill)  Effects  of  controls 

These  early  sorties  contain  no  extremes  of  attitude  or  acceleration  and  teach  the  sub¬ 
ject  the  differences  between  the  basic  handling  of  the  Hunter  and  his  training  aeroplane. 

(Iv)  Low  speed  handling 

(v)  Flying  in  manual  control 

(vi)  Turna  at  30°,  t5°  and  60°  angle  of  bank. 

(vli)  Circuits 

Circuit  flying  in  the  Hunter  is  demanding  with  a  high  workload,  and  the  rapidly 
changing  angles  of  bank  and  linear  accelerations  are  provocative  stimuli.  They  are  intro¬ 
duced  at  the  end  of  other  exercise  sorties  as  the  individual's  adaptation  inoreasas. 

(vlll)  Introduction  to  inatrument  flying 

One  of  the  advantages  of  the  Hunter  In  this  role  is  the  ability  to  operate  above  the 
weather,  whioh  frequently  entails  an  inatrument  departure  and  recovery.  Instrument  flying 
is  introduced  on  the  course  as  and  when  necessary,  taking  due  account  of  the  provocative 
effect  of  an  absent  visual  horizon  and  of  turbulence  often  encountered  in  low  level  cloud. 

The  initial  phase  normally  takes  about  5  flying  hours  during  which  the  subject  often 
retaine  some  sensitivity  to  airborne  provocative  motion.  Once  the  subject  can  tolerate 
60°  angle  of  bank,  level  turns,  and  circuit  flying  with  no  ill-effect  he  moves  on  to  the 
advanced  phase. 

Advanced  Phase  (Pilots) 

During  the  advanced  phase  the  subject  learns  to  fly  the  aircraft  to  its  limits  and 
gains  iricreaEing  confidence  as  he  learns  to  enjoy  flying  again. 

(1)  Maximum  rate  level  turns 

Medium  speed  entries  to  maximum  rate  level  turns,  stabilised  turns  and  reversals 
maintaining  the  light  buffet  are  practised,  As  well  as  oxtending  his  desensltlBBtlon  the 
subject  learns  to  handle  the  Hunter  in  the  light  buffet  whioh  is  necessary  to  fly  good 
aerobatic  manoeuvres. 

(li)  Aerobatics 

Aerobatics  are  Introduced  gradually  and  are  built  up  from  the  maximum  rate  level  turn 
and  the  basic  barrel  roll.  Throughout  a  barrel  roll  the  subject  maintains  a  visual  refer- 
anoe  on  the  horizon  thus  assisting  his  o.rlentafclon.  Only  when  he  Is  oonfldent  and  tolerant 
of  these  manoeuvres  is  the  loop  Introduced  during  whioh  he  loses  sight  of  the  horizon  for 
about  one  third  of  the  manoeuvre.  Onoe  the  subject  has  mastered  the  loop,  he  progresses 
very  rapidly  through  the  repertoire  of  roll  off  the  top,  horizontal  and  ouban  eights,  Derry 
turn,  wing-over,  slow  roll,  vertloal  roll  and  hesitation  manoeuvres.  By  the  end  of  the 
course  he  should  be  capable  of  flying  a  20  minute  sequence  linking  basio  and  advanced 
manoeuvres. 

(IJi)  Practice  diversion  and  forced  landing  procedures 

(Iv)  Iiow  level  navigation  (420  knots) 

High  speed,  low  level  navigation  exposes  the  pilot  to  turbulence  and  to  large  aooelera- 
tlon  (all  turns  being  done  at  6o°  angle  of  bank  a  20).  It  is  an  effeotive  means  of  ineress- 
ing  his  airborne  mental  eapaolty  in  a  demanding  environment .  The  first  Introduotion  la  dona 
over  the  gentle  undulating  terrain  of  Southern  England  at  500  ft  agl,  but  then  he  prograases 
to  flying  at  250  ft  agl  in  the  mountainous  terrain  of  Wales. 
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(v)  Formation  flying  and  tailohasing 

(vi)  Pairs  low  level  attaolc 

This  is  an  extension  of  basic  low  level  navigation  to  demonstrate  the  operational  and 
tactical  environment.  It  provides  much  provocative  stimulus  involving  rapid  head  movements 
to  maintain  the  good  lookout  essential  for  taotioal  integrity  and  aggressive  flying. 

(vli)  Landaway  navigation  exercise 

This  provides  the  final  confidence  boost  of  his  rehabilitation  when  the  subject  flies 
the  Hunter  to  his  home  base  and  is  able  to  restore  self->eBteem  by  showing  off  to  his  col¬ 
leagues.  The  importance  of  this  should  not  be  underestlmatod. 

Navigators 

Navigators  present  a  slightly  different  problem.  It  is  well  known  that  motion  sick¬ 
ness  afflicts  the  passengers  far  mere  tlian  the  driver  of  a  vehiele  (5).  The  navigator 
spends  a  lot  of  time  with  his  head  down  in  the  oookplt  and  at  low  level  he  is  subjected  to 
turbulence,  high  Q.  and  large  aooelerabionti  without  the  benefit  of  being  able  to  anticipate 
the  aircraft  behaviour.  During  the  Initial  phase  the  navigator  also  learns  the  basic 
handling  of  the  aircraft  so  that  he  gains  the  benefit  of  anticipating  aircraft  motion. 
Oockpit  management  and  map  reading  tasks  are  introduced  later  as  the  subject's  adaptation 
develops . 

The  advanced  phase  for  navigators  is  necessarily  biased  towards  low  level  navigation 
and  attack  profiles  and  ends  with  1  v  1  air  combat  manoeuvres. 

(i)  Introduction  to  low  level  navigation  at  420  knots 

(11)  IP  to  target  runs 

(lii)  Simulated  attack  profile 

(Iv)  Low  -  high  navigation 

(v)  Pairs  low  level  attack 

(vl)  Procedural  dlveralon  and  instrument  approach  procedurea 

(vll)  Landaway  navigation  exerolss 
(vlll)  Air  Combat  manoeuvres,  1  v  1 


Aaaeaamenb  of  Progress 

During  the  rehabilitation  flying,  the  subject  uses  the  same  well  being  rating  as  he 
has  used  during  the  ground  deBensitlsatlon. 

Ueoause  of  the  individual  variability  between  subjects  and  the  absence  of  any  common 
provocative  motion  it  is  dlffloult  to  quantify  the  stimulus  in  absolute  terms.  However, 
each  sortie  is  assessed  retrospeotively  and  given  a  Provocation  Index,  also  on  a  1-6  scale, 
according  to  the  following  scheme, 

Provooatlon  Index  Example  of  manoeuvre 

1  Straight  and  level;  up  to  45°  angle  of 
bank  turns 

2  T'p  to  60°  AOB  turns;  circuits,  radar  approach 

3  Praotioe  foroed  landing;  Introduotlon  to 

asrcis;  advanced  turna 

4  Basic  aerobatlos;  max  rate  level  turns 

5  Advanced  aerobatics;  low  flying 

6  Aerobatic  setiuenoe;  attack  profile 

The  subject's  well  being  rating  and  the  Provocation  Index  for  each  sortie  are  plotted 
graphically  and  provide  an  indloatlon  of  the  progress  being  made  by  the  subject  and  the 
degree  of  flying  continuity  ha  has  reoeived. 

RESULTS 

Some  small  degree  of  selection  of  subjects  for  the  course  may  take  place  before  refer¬ 
ral  by  the  training  units,  but  poor  progress  in  training  is  an  almost  Inevitable  accompani¬ 
ment  of  continuing  motion  sickness  and  due  account  is  taken  of  this.  During  the  past  three 
years  no  oases  have  been  refused  admission  to  the  desensitlsatlon  programme  following 
aasessmont.  One  subject  finally  decided  to  withdraw  from  training  during  the  assessment 
period,  the  principal  reason  for  which  was  not  related  to  motion  siokneaa. 
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Although  there  is  some  oorrelabion  between  the  eUBOeptibility  to  motion  sioIrcneBS 
induced  by  the  three  ground  based  stimuli  some  individuals  show  wide  differences  in  sus¬ 
ceptibility  .  Flgurs  1  shows  the  results  of  treatment  with  cross-coupled  and  linear  0^ 
stimuli  in  one  subject  who  showed  a  high  sensitivity  to  cross-coupled  stimuli  and  adapted 
slowly  but  who  proved  relatively  insensitive  to  the  linear  Qj  stimulus.  By  contrast,  the 
subject  illustrated  in  B'igure  2  desensitised  rapidly  to  cross-coupled  stimulation. 


O'JHliO'liO, 


Figure  1.  Record  of  ground-based 
desensltlsatlon  of  subject  showing 
high  sensitivity  and  slow  adaptation 
to  orosB-ooupled  stimulation  but 
relatively  low  sdnsltivity  to  the 
linear  stimulus. 


T«t«ion«  inte( 
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Figure  2.  Record  of  ground-based 
dusensltlsation  of  subject  who,  despite 
good  adaptation  to  oross-ooupled  stimu¬ 
lation,  showed  no  consequent  adaptation 
to  the  linear  O2  stimulus. 


The  linear  0^  stimulus  is  not  Introduoed  until  at  least  the  second  week  of  the  ground 
phase  of  treatment  when  subjects  have  shown  some  Inorease  in  tolerance  to  the  oross-ooupled 
stimulus.  No  increase  in  tolerance  to  the  linear  stimulus  above  the  baseline  level 
established  at  initial  assessment  has  been  observed  as  a  result  of  this  period  of  oross- 
ooupled  treatment.  The  two  stimuli  appear  to  be  independent  of  each  other  in  this  respect. 
Preliminary  observations,  however,  on  the  results  of  once  weekly  exposure  to  low  frequency 
angular  osolllatlon  aoootiipanled  by  visual  search  suggests  that  with  this  stimulus  soma 
Inorease  in  tolerance  is  transferred  from  that  acquired  on  exposure  to  cross-coupled 
stimulation. 

ProgptsB  during  the  ground  phasa  of  treatment  is  considered  satisfactory  if  subjects 
are  able  to  make  20  head  movement  sequencee  while  rotating  e,t  10  rpm,  and  can  survive  20 
minutes  of  0.7  and  0.4  Hz  Q.  oscillation  without  dsvsloping  more  than  mild  symptoms  of 
motion  siokness.  Occasionally  ths  period  of  ground  based  treatment  Is  extended  if  these 
goals  are  not  achieved,  but  the  rate  of  progress  and  degree  of  acquired  tolerance  during 
this  phase  of  treatment  are  poor  indicators  of  ultimate  success  in  overcoming  airsickness. 
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ProgresH  during  the  flying  phase  varies- between  individuals.  Typically  there  is 
gradual  increase  in  tolerance  as  the  motion  sickness  provoking  content  of  successive  sor¬ 
ties  is  increased  (Figure  5).  Occasionally  improvement  in  tolerance  appears  to  te  more 
abrupt  (Figure  4).  Rarely,  there  is  no  clear  indication  of  an  adaptive  response  during 
the  flying  phase  (Figure  5). 

On  completion  of  the  deaensitlsation  course,  subjects  resume  flying  training  no  matter 
what  the  apparent  outcome  of  treatment.  Even  at  this  stage  the  prediction  of  success  is 
not  easy.  In  fact,  all  those  subjects  whose  records  are  shown  in  Figs  1-5  currently  con¬ 
tinue  to  fly,  the  most  recent  of  them  having  been  treated  l8  months  ago. 

In  analysing  the  results  of  follow-up  surveys  for  the  periods  1974-1980  and  1981-19B3 
subjects  have  been  assigned  to  five  categories  detailed  below. 


Classification 

of  effect  of  therapy 

a« 

Successfully 

desensitised. 

Completes  flying 
training. 

Progresses  to  fast  jets. 

be 

Successfully 

desensitised. 

Continues  flying 
training. 

Progreases  to  multi-engined  aircraft  or 
helicopters  on  completion. 

0. 

Successfully 

desensitised. 

Fails  to  complete 
flying  training  for 
reaaons  other  than 
motion  slokneas. 

ds 

Motion  sioknesB 
recurs. 

Completes  flying 
training. 

Problem  with  motion  slokneas  resolved  when 
re-roled  to  different  aircraft  typo. 

e* 

Motion  slokness 
recurs . 

Falls  to  complete 
flying  training  on 
account  of  motion 
slaknesB . 

This  sohame  reflects  the  fact  that  success  or  failure  is  not  neoessarlly  absolute  and 
that  the  degree  of  sucoess  will  only  emerge  over  the  course  of  subsequent  training.  A 
student  pilot  or  navigator  may  successfully  ovorooma  his  motion  sickness  only  to  fail  later 
in  training  for  lack  of  ability.  Alternatively  the  treatment  may  not  achieve  full  deeansi- 
tisatlon  and  the  problem  may  only  be  resolved  when  the  subject  is  re-roled  to  a  less  pro¬ 
vocative  type  of  flying. 


Results  for  the  seven  year  period  1974-80  are  compared  with  those  for  the  period 
1981-83  in  Table  1. 


Category 

Table  1 

1974-1980 

1981-1983 

a 

6  (13)() 

10  (31*)  ' 

b 

25  (54*) 

13  (41*) 

0 

1  (2*) 

4  (12.5*) 

d 

7  (15*) 

2  (6*) 

a 

7  (15*) 

3  (9*) 

Total 

46 

32 

*  p  <  0.05 

If  those  in  categories  a,  b  and  0  are  to  be  regarded  as  therapeutic  successes,  then 
the  success  rates  are  84)i  for  the  period  1981-83,  compared  with  70!(  for  the  period  1973-80. 
The  results  show  a  significant  increase  (p  <  O.05)  in  the  proportion  of  aircrew  that  pro¬ 
gress  to  fast  jet  flying  (category  a).  Of  the  seven  pilots  who,  since  1981,  have  reached 
category  a.  three  have  been  prizewinners  either  for  aerobatics  or  for  low  level  navigation 
at  graduation  from  advanced  flying  training.  Another  recent  prizewinner  during  advanced 
flying  training, albeit  in  helicopters.  Is  classed  In  category  d  -  a  treatment  failure.  He 
nonetheless  acquired  sufficient  benefit  from  the  desensitlsatlon  course  to  complete  basic 
flying  training  and  later  to  excel  in  the  less  provocative  environment  of  helicopters. 

Results  of  desensitlsatlon  treatment  In  those  aircrew  from  maritime  reconnaissance  air¬ 
craft  who  received  only  the  ground  based  phase  of  descnsltisablon  indicate  that  all  have 
experienced  benefit  from  treatment  and  the  5  subjects  in  this  group  seen  since  1981  all  con¬ 
tinue  to  fly.  Follow-up  data  for  the  equivalent  group  treated  between  1974-80  are  incom¬ 
plete  but  2  out  of  7  treated  in  this  period  are  known  to  have  failed  in  training  on  account 
of  motion  sickness. 
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Figure  3.  Heoord  of  airborne  phaee 
of  desenaitiaation  in  a  typical  subject. 
Despite  an  increase  in  provocative  con¬ 
tent  of  the  sortie  as  the  course  pro¬ 
ceeds,  there  is  a  steady  improvement  in 
tolerance  from  the  fifth  sortie  onwards. 
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Figure  Record  of  airborne  phase  in 
a  subject  who  showed  an  abrupt  increase 
in  tolerance  after  10  sorties, 
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Figure  5.  Record  of  airborns  phase  in 
a  subject  who  failed  to  adapt  during 
the  course  and  was  subsequently  re-roled 
to  helicopters. 
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DISCUSSION 

While  there  may  be  a  number  of  factors  that  contribute  to  the  problem  of  motion  sick¬ 
ness  in  any  one  individual,  the  approach  to  treatment  is  fundamentally  a  physiological  one. 
The  ground  phase  of  treatment  is  designed  to  reproduce  on  the  ground  features  of  the  neural 
mismatch  that  are  generated  in  the  airborne  environment  and  allow  the  subject  to  be  exposed 
to  them  in  a  controlled  and  gradually  Inorementing  manner. 

The  desensitisation  that  results  from  repeated  exposure  to  a  provocative  stimulus  tends 
to  be  fairly  apeoifio  to  that  type  of  stimulus.  We  have  found  that  tolerance  acquired  to 
the  cross-coupled  stimulus  does  not  result  in  increased  tolerance  to  a  linear  Qz  stimulus. 

It  might  similarly  be  argued  that  a  oross-coupled  stimulus  is  not  representative  of  the 
motion  stimulus  of  an  aircraft.  However  at  the  level  of  canal-otolith  mismatch,  there  are 
sufficient  similarities  to  expect  some  transfer  of  tolerance  to  occur.  Many  aerobatic 
manoeuvres,  while  not  produoing  cross-coupling,  generate  a  rotational  signal  from  the  semi- 
oiroular  canals  which  is  not  aooompanled  by  the  degree  of  gravitational  vector  rotation 
that  terresti’ial  motion  rules  would  dictate.  An  equivalent  neural  misraatoh  is  produced  by 
the  cross-coupled  stimulus. 

There  is  perhaps  a  more  direct  similarity  between  aircraft  motion  in  low  level  turbu¬ 
lence  and  the  vertical  oscillation  at  0.3  and  0.*)  Ha  used  in  the  ground  phase  of  treatment. 
Laboratory  studies  have  shown  the  incidence  of  motion  sioknass  to  be  inversely  related  bo 
frequency  of  0^  oscillation  in  the  frequency  band  0.2  to  0.6  Hz  (6).  Because  the  stroke  of 
the  vertical  oscillator  is  limited  to  2m,  the  maximum  nauseogenio  capability  of  the  machine 
is  achieved  at  about  0,4  Hz. 

The  nauseogenio  stimulus  of  0.02  Hz  angular  oscillation  when  aooompanled  by  a  visual 
search  task  has  not  hitherto  been  used  intensively  during  the  ground  based  phase.  Motion 
sloknesa  due  to  this  stimulus  results  from  a  visual-vestibular  mismatch.  There  is  some 
indication  that  tolerance  to  this  stimulus  is  increased  by  the  oross-ooupled  stimulus  in 
which,  when  the  cab  is  illumlnalna,  there  is  also  generated  a  visual-vestibular  mismatch. 

Despite  the  inclusion  in  t  ho  ground  phase  of  additional  motion  stimuli  designed  to 
reproduce  the  nauseogenio  featurr  ".  of  aircraft  motion,  the  value  of  a  flying  phase  of 
treatment  remains  paramount.  There  are  inevitably  aspects  of  aircraft  motion  that  cannot 
readily  be  reproduced  on  the  ground  and  subjects  need  to  acquire  the  confidence  that  they 
are  resistant  to  sickness  in  the  air,  rather  than  in  a  set  of  laboratory  machines.  Indeed, 
subjects  do  not  find  themselves  to  be  totally  immune  to  n^rslckness  at  the  start  of  their 
flying  phase  and  lb  is  still  neoessary  to  build  up  tolerance  gradually. 

In  the  earlier  years  of  dosensitisation  treatment  It  was  considered  important  that 
"no  attempt  should  be  made  ...  to  carry  out  types  of  manoeuvre  beyond  the  scope  of  the  nor¬ 
mal  training  syllabus"  (2),  With  the  use  of  the  Hunter  T7  for  rehabilitation  flying  this 
principle  has  been  abandoned.  The  student  progresses  as  far  as  he  l.s  able,  both  in  terms 
of  the  provocative  aircraft  manoeuvres  that  he  is  able  bo  tolerate  and  secondarily  in 
extending  his  oonfidonoe  and  mental  capacity  to  meet  the  demands  of  flying  a  high  perform¬ 
ance  aircraft.  The  increase  in  the  proportion  of  those  treated  who  progress  to  fast  jet 
aircraft  can  bo  ascribed  in  large  measure  to  the  use  of  the  Hunter  aircraft.  Having  suc¬ 
cessfully  adapted  to  this  aircraft  the  student  does  not  need  to  confine  his  aspirations, 
nor  the  expectations  of  his  instructor,  to  a  flying  career  in  the  less  provocative  environ¬ 
ment  of  helicopters  or  transport  aircraft. 

One  advantage  that  has  resulted  from  locating  the  flying  phase  at  Parnborough  is  that 
the  student  is  removed  from  the  pressures  of  the  training  environment  and  this  allows 
therapy  to  be  oonduotod  in  a  relaxed  manner.  Though  the  Medical  Officer  Pilot  Is  also  a 
qualified  flying  instructor  the  aim  is  to  establish  a  therapist/patient  relationship  in 
place  of  the  instructor/sbudent  relationship  of  flying  training. 

The  extent  bo  which  adaptation  is  lost  during  periods  off  flying  is  not  fully  known. 
Some  aircrew  report  a  recurrence  of  motion  sickness  symptoms  on  resumption  of  flying  after 
a  long  break,  but  tolerance  appears  to  be  regained  more  rapidly  and  a  pattern  of  ohronlo 
motion  sickness  does  not  reour.  Over  the  past  three  years,  7  aircrew  have  returned  for  a 
one  week  period  of  'top-up'  ground  based  treatment,  most  at  their  own  request,  prior  to 
resumption  of  flying  after  a  break  of  a  few  months.  It  is  frequently  observed  at  the  start 
of  'top-up'  treatment  that  no  lose  of  tolerance  bo  oross-ooupled  stimuli  has  ooourred  since 
the  end  of  the  initial  ground  phase  of  treatment,  despite  having  had  no  similar  treatment 
in  the  intervening  period.  In  addition,  this  group  has  reported  no  problems  with  alrsiok- 
nese  when  they  resumed  flying,  a  finding  which  oannot  wholly  be  asorlbed  to  the  additional 
period  of  ground  based  treatment.  Thus  adaptation  to  provocative  motion  may  be  retained 
for  longer  periods  than  has  previously  been  thought. 

CONCLUSIONS 

Several  changes  were  made  in  January  1981  to  the  RAF  Motion  Sickness  Dasensitlsation 
Programme,  notably  the  addition  of  a  0.3  Hz  linear  Q;*  provocative  stimulus  to  the  ground 
based  treatment,  and  the  use  of  a  high  porformanoe  aircraft,  the  Hunter  T7>  for  the  air¬ 
borne  phase  of  desensltisatlon.  In  addition,  the  flying  phase  of  treatment  was  moved  away 
from  the  training  environment  and  the  whole  programme  based  at  Farnborough. 
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The  resultB  of  follow-up  comparing  the  periods  1981-83  and  197*1-80  suggest 
that  there  has  been  an  improvement  in  overall  success  rate  and  show  a  significant  increase 
in  the  proportion  progressing  to  fast  Jet  flying. 

It  is  auggeatud  that  the  improvement  in  reaulta  is  a  consequence  of  changes  made  in 
the  programme  in  1981 , 
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Summary 

Extensive  behavior  analysis  is  made  on  the  basis  of  23  case  studies  of  motion  sick  aircrew 
members.  Situational  context  variables  and  their  liiteraotlon  with  individual  dispositions, 
behavior  regulation  patterns,  ooplng  maohaniams  and  self  oontrol  techniques  ere  discussed. 
It  seems  that  sensitivity  to  motion  let  not  the  only  criterion  In  the  development  of  motion 
slokness.  Deiiorlpticn  of  uountermessures  and  their  effects  are  presented.  Dally  axeroiee 
of  various  tochnlquas  of  behavior  regulation  to  build  up  successive  adaptation  to  notion 
stress  will  enable  persons  to  oops  with  motion  sickness  producing  situations  inflight. 


Introduction 

First,  training  and  therapy  measures  would  normally  begin  when  sufficient  diagnostic 
explanations  sns  precise  indications  are  present.  From  the  standpoint  of  the  training 
institution  for  alrcr'-w  of  the  German  Air  Force  iut  is  enough  whent 

1.  There  is  an  appearance  of  manalfested  air  slokness  <AS)  In  three  flights. 

2.  There  is  an  exclusion  of  urgrnlc  or  toxic  Induoed  changes,  respectively,  the 
dysfunction* of  the  equilibrium  sensory  system. 

3.  There  Is  at  least  average  aptitude  for  flying. 

4.  There  is  a  strong  flying  motivaticn. 

Then  this  member  Is  recommended  for  an  anti-airsickness  training  program  (AATP).  This 
AATP  has  become  inBtitutlonal{ ssd  in  the  selection  process  of  flight  appllcante. 

Since  this  criteria  hae  been  put  to  uee,  the  auooesa  quota  has  improved  drastically  to  87i^ 
In  I98d-S3,  compared  to  StH  between  1974-1979.  .Since  the  training  methods  have  basloally 
stayed  the  eame,  from  whet  we  see,  the  difference  can  only  be  Interpreted  as  being  a 
result  of  the  efficiency  of  the  eeleotlon  criteria.  In  spite  of  this  relatively  high 
success  rate,  we  are  not  pleaeed  with  our  present  understanding  of  this  problemi 
espooially,  ths  diagnostic  explanation  of  the  type  of  AS  and  the  determining  factors.  An 
rxtsnslve  training  program  lasting  four  to  five  weeks  would  not  be  neoeseery  when  a 
reliable  prognosis  ens  preventive  measures  are  present.  Through  pest  oases  it  hee  been 
found  that  without  the  vestibular  organs  there  would  be  no  AS.  The  organ  Itself,  with  Its 
specific  functions,  does  not  sufficiently  explain  the  development  of  AS.  Persons  who  ere 
susceptible  to  strong  vestibular  stimuli  and/or  sensory  oonfllot  fo  not  get  airsick  In 
every  ceso.  Nor  do  those  of  lesser  sueueptlbllity ,  who  become  unexpectedly  sick  and 
Interrupt  and/or  end  their  flight  training.  Moat  probably  other  psycho-physiological 
procesaas  and  functional  syatems  play  an  Important  role.  Kamlya  (1982)  points  out  that 
there  must  be  a  wider  apeotrum  of  the  central-nervous  aystem  functions,  while  the 
vestibular  system  alone  can  not  product  such  widely  ranging  effects.  It  is  possible 
that  there  are  psYchologloal  prooessea  with  the  psychological  correlates,  which  constitute 
an  adequate  frame  of  reference  for  the  explanation  of  the  development  of  AS.  The  roles 
of  adaptation,  and  the  learning  processes  are  of  relative  importance  (Kamlya,  Cramer, 
Money,  Gardner  1982) |  when  hardly  anybody  has  the  experience.  The  relationship  of  the 
Importance  of  these  factors  In  the  development  of  AS  has  not  bean  addressed  In  current 
research.  A  theoretical  analysis  Is  necessary  to  atvucture  the  reaults  from  the 
various  aspects  of  this  ares  of  research.  Thera  are  least  three  sources  of  variance 
(Hoesler  1983)! 

1.  Behaviour  characteristics  (dimensions) 

2.  BloslgnaXs  (blomedlocl  data) 

3.  Situations 


We  can  expect  that  the  bioslgnala  wll  Indicate  certain  regulatory  prooeaaeei  which  are 
directed  with  central  regulatory  ayotams.  Vhe  regulatory  ayateme  are  activated  through 
different  atresaors  of  the  organism,  which  is  represented  in  different  reaction  patterns. 
The  function  of  the  regulatory  ayatera  is  dependant  on  specific  individual  oharacteriatloo. 
Observation  shows  specific  individual  regulatory  systems.  A  multi-varied  approach  is 
important  to  find  the  variations,  covariations  and  dissooiations  of  signals.  The  objective 
should  be  to  detect  covariations  between  behavior  dimensions  and  physiologically 
determindas  regulatory  systems.  The  cnly  problem  in  doing  this  having  a  representative 
number  of  persons,  situations  and  aignals.  In  our  casa,  we  did  not  have  the  numbers,  so  we 
are  doing  this  in  23  oaaesi  from  these,  11  Ware  from  the  United  States  of  Amerioa.  The  goal 
of  this  paper  is  to  present  ideas  for  documentation  and  a  desoription  of  these  regulatory 
preoesaes.  It  is  poeaible  that  a  hypothasee  oould  then  be  drawn  from  this  approach.  This 
approach  comes  from  the  results  of  the  dlagnostlo  phase  before  AATF,  and  also  from 
information  within  the  training  program. 


Procedure  and  Results 


Our  clients  suffering  from  AS  were  examined  to  rule  out  any  pathological  faotor  prior  to 
being  referred  to  ua.  We  found  that  21  persona  (91.3  ware  given  madisation,  to  no 
effect,  before  taking  part  in  the  program  (see  Figure  1) 


Student 

Squadron 

vso 

1 

1 

BTO;  Flight 

M 

Pilots 

Pilots 

<  Surge 

18 

1 

2 

'T 

1  1  1 

23 

Highly 

Susceptible 

11 

1 

1  j 

I  ' 

I 

15 

i  I 

I 

12 

L«6dor 

Suoccptibl9 

2 

- 

2 

1 

. -  i 

10 

8  ' 

Medioation  ! 

not  helpful 

16 

1 

2 

1 

'  1 

21 

1 

i  '5 

no  medication 

2  '  i 

- 

*  1 

I  - 

2 

1  1 

Fig.i  1  Descriptive  variables  of  23  airsick  oases  (1980  -  1983) 


Tha  AAIP  oonoista  of  thraa  phaaiia: 


Antl-AiraloknoBs  Prooadura  Pbasaa 

Phaa«  1 

Baolcground  Agaaeamunt 

1.  Lnboratory  Tasta  of  Motion  Raaotlvity 
Aoaaaemant  of  psyohophyaiologloal  Indicators 
of  notion  sioknaaa 

2.  Eahavlor  Analysla 

AusaaBnant  of  psyohologloal  Indloatcra  of 
motion  alcknaaa 

Eduoatlon  In  Self-Control  and  atresa  Coning  ToohnlQUaa 

1.  Eduoatlon 

2.  Coping  Training 

-  Phyalcal  Fitnaaa  Tralninw  (including 
"apaot  whaal"  faBlllariiatlon) 

-  Relaxation  Training  (combination  of 
graaalva  relaxation  and  autogenic  training) 

-  Mental  Praotloe  (according  to  the  ayllabui) 


Phaae  2 

Adoptatlon.  Daaeneltltatlon  and  Self  -  Control  Haniiaement 

1.  Rotating  Chair 

2.  Vlaual-Vestlbular  Interaction  Devioe 

3.  Spatial  Siaorlentatlon  Siuulator 
Exerolaa  Unit  ("Space  Wheel") 

3.  Cognitive  Self-Control  of  Inflight  Streaa  Situatlona 


Phase  3 

Inflight  Cooenaitizatlon  and  Evaluation 


1.  Three  to  five  flights  with  iuoreaslng  motion 
stimulation  and  work  load 

2.  Use  of  self-management  technique  for  inflight 
oymptom  oontrol 
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Background  ABseBBmant  (Phaoe  1) 

A  oollaotlon  of  psychologlnal  data  vas  parformad  according  to  tha  bahavlor  formula  of 
Kanfar  and  Phillips  (1970) >  "Who  was  axpariaaolng  what,  under  which  oircumatanoaa,  with 
what  cffaot,  and  what  did  tha  parson  do  to  ovaroona  it." 

fhia  also  ino'iudas  tha  quastiona  for  personality  dimanaions,  apsoific  behavior 
oharacteristlos  and  situations.  Ilhese' mathoda  coma  fromt 

1 .  Biographio  analysis 
Z,  Bxploratlon 
3.  Parsonallty  taats 
Farformance  taste 
Sata  of  being  soalea 

6.  Flight  instructor  questioning 

7.  Symptom  apeoifio  teats 

Participants  i?i  the  training  program  show,  through  tha  wide  variety  of  personality  traits, 
an  unoertian  picture.  More  than  half  are  highly  ausoaptibla  to  motion.  They  are  as 
saccaasful  in  tha  program  as  those  of  lower  auaoaptlbility  (see  Figure  1).  All  aooras  of 
state  anxiety  (Spialbergar  19^0)  ware  vary  high  in  flights  where  AS  ooourad,  even  though 
only  Zd^  admit  that  anxiaty  could  be  a  datarmining  factor.  Tha  situations  In  which  AS 
occur  can  be  seen  in  the  following) 

1.  Steep  turns 

Z,  Rapid  Altitude  changaa  and  stalls 

3.  Workload  prasaura 

4.  Ohangas  in  g-load 

3.  Qeorgraphio  snd  spatial  disorientation 

6.  Tnrbulenoa 

7.  Flight  tarminatlon 

8.  Other  than  inflight  (i.a.,  walking  to  aircraft,  flight  gaar  issue) 

Information  about  tha  davalopmant  of  AS  ans  its  dynamic  process  is  unpraolsa.  We  assume 
that  responsibility  lias  in  the  inaccurate  aalf-paroaption  as  dissimulation  tandanoias, 

Tha  results  of  behavior  analysis  done  in  tha  training  phase  are  much  more  perceptible. 
Through  the  training  program,  the  willingness  and  ability  for  aalf-paroaption  is  sdvanoad, 

Bduoation  in  Self  Control  and  Stress  Ooninm  Taohnigues 

1.  Bduoatlon 

Tha  first  parts  begins  with  a  disouasion  of  tha  individual  taat  results.  This  should 
improve  self  exploration  and  remove  dependency  of  bahavlor  controlling  stimuli  conditions. 

The  role  of  the  trainer  is  as  a  nondireotiva  advisor  who  leads  discussions  according  to 
tha  rulea  of  client  cantsrsd  therapy  (Rogers  1951) •  This  part  can  be  understood  as  the 
"educational  phase"  according  to  (Hsiohsnbaum  1978). 

2.  Ooplng  Training 

-  Physical  Fitness  Training 

The  self  perception  in  situated  stress  reactions  is  improved  with  tha  progress  in  dally 
fitness  training.  Aside  from  that  tha  praotica  of  rslaxation  training,  after  fitness 
braining,  is  easier  due  to  a  better  discrimination  of  muscular  tsnslng  and  relaxing.  A 
mors  regular  breathing  is  also  induced. 

-  Space  Wheel  Training  (Rhoenrad) 

Observations  of  behaviour  in  unusual  motion  situations  is  very  hslpful.  The  ability  to 
differentiate  between  AS  and  individual  stress  symptoms  la  improved.  Thera  is  a  rapid 
adaptation  and  habituation  to  the  speoifio  motion  profile  of  this  devios.  Desansltizatlon 
effects  are  limited  on  this  devica. 

-  Ralaxaticn  Training 

Relaxation  training  oonoisbe  of  a  tape  (Kemmlai'  1980)  which  incorporates  parts  of  tha 
Progressive  Rslaxation  Technique  of  (Jacobson  1938)  and  the  Autogenic  Training  of 
(Schultz  1973).  The  program  is  shorsned  through  certain  relaxation  habituations.  This 
shortened  form  in  used  for  individual  operational  situations.  The  main  effects  can  be 
observed  in  the  learning  process.  First,  there  is  a  aansitlzation  of  body  perceptions  and 
reactions  including  emotions  and  cognitions,  later  we  oan  affect  a  dssensitieation.  After 
these  relaxation  techniques  have  been  introduced  ollenta  are  more  and  mora  ablt  to 

describe  their  individual  activities  of  so  celled  "naive  state  regulation"  (Ritaoh  at  al. 
1979).  They  recall  uaing  muaoular  tanaion  against  the  mymptoma,  as  will  as  diffioultiaa  in 
breathing.  They  are  able  to  tell  9  -  R  eequenoea,  the  Incrsaee  of  nervouanses  and  tha 
devalopment  of  amotional  cognitive  self-evaluation,  ae  will  ae  the  anticipation  of  AS.  It 
seams  that  soma  davelop  the  symptoms  indepsndant  of  motion.  Rather,  it  cornea  from  thsir 
high  level  of  stress.  Mild  motion  stimuli  could  be  a  trigger.  However,  apeoifio  flight 
maneuvers  are  alio  responsible  for  AS.  These  stress  raaotions  in  ths  senss  of  ntgativs 
sslf  peresption,  fssr  of  aohlsvsmsnt  (apprshsnsion  of  failurs,  throat  of  hsalth  Intsgrity) 
aervs  as  rsinforoament  in  tha  davalopmant  of  AS,  Continual  salf  observation  in  ralaxaticn 
training  and  diacuaaions  with  the  trainer  lead  to  an  ability  to  clearly  differentiate  between 
the  emotional  and  cognitive  prvoaaaea.  Tha  danger  to  flight  career  and  to  tha  low  level  of 
self  control  in  the  flight  aituation  lead  many  to  a  new  state  of  extreme  aubjstlva 
helplessness.  This  could  also  lead  to  flight  phobias,  dapresalve  raaotions  and  psychosomstio 
disturbancas.  Nspalkov  phsnomsna  are  also  abssrvable. 
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-  Mantal  Training  (Cognitive  Pretralning) 

The  portion  ia  lead  through  throe  atope  of  an  imaginative  thought  proceoa,  under  intensive 
reproduction  of  aensorlo  and  motorio  motion  aanaatlona  (Kenmler  1979).  The  confrontation 
with  tasks  performed  during  flight  maneuvers  is  a  further  behavioral  diagnostic  analysis. 
Noted  is  the  beginning  of  performance  difiotta,  rise  of  inoonpetenoa,  emotional  and 
cognitive  procesaes  of  self  evaluation  and  the  anticipation  of  AS  as  reinforoement.  As 
exact  self-peroeptton  and  evaluation  from  the  person  is  necessary  for  list  of  flight 
stress  situations  and  for  the  majority,  AS  is  a  learned  process  that  follow  a  paradigm 
of  classioal  conditioning  (see  Figure  S).  The  visible  drametio  peak  in  AS  is  when  the 
classical  conditioning  process  is  initiated  by  unconditioned  situatione  in  which  the 
person  can  not  cope  or  adapt.  Later,  we  often  find  an  reinforoement  of  AS  incidonne  by 
self  stimulation  processes  (operant  conditioning). 


fis.S  Hekei  el  tke  4<«ele|>Ma»  el  astite-eiskeeae  as  e  Issmtis  »rtssss 
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Adaptation.  Doseusitimation  and  Self-Control  Management  (Phaae  2) 

Thia  phase  in  the  AATP  contains  measures  of  adaption  under  simulated  flight  conditions, 
DeaenBitlmation 

Deaensitization  follows  tt  "level"  adaptation  system  and  a  situation  resulting  in  many 
movements  (i.e.,  space  whaeli  rotation  chair,  modified  Stille-Verne  rotation  devioe, 
spatial  disorientation  simulator,  and  oentrifugs).  The  most  aoonomioal  would  be 
desensitization  under  speoiflo  conditions.  It  makes  mors  cense  to  have  e  wide  spsotrum 
of  provocative  situations,  due  to  the  various  flight  conditions.  One  special  problem 
is  that  of  the  forward-downward  movemantt  there  are  no  adequate  simulators. 

We  started  to  use  the  centrifuge,  but  the  manpower  requirements  make  this  approach  not 
ooet  effective.  The  deseneitization  procedure  makes  one  aware  of  earlier  false  coping 
methods  (i,t.,  bad  eating  habits,  musoular  tension,  changes  in  respiretlon  rates,  and 
fixation  on  the  symptoms), 

Fhanomencilogically  interesting  is  the  appearence  and  prooses  of  failure  as  in  cognitive 
worry  end  in  emotionality.  Fear  of  failure  luads  to  an  enforced  perception  of  the 
physilogioal  arousal  and  it  dlstraots  from  the  task  at  hand.  ,Thc  performance  level  then 
desoreasts.  The  exoitement  is  then  interpreted  nm  the  reason  for  the  anxiety.  This 
deoressa  in  perforwsnce  leads  to  antloipstion  of  failurt,  which  the  arousal  atrengthena 
and  reinfoross.  The  higher  the  probability  that  AS  will  occur,  the  closer  the  person  gets 
to  the  AS  triggering  situational  Condition.  The  Important  moderator  variables  of  the 
organism  seem  to  be  the  type  of  achievement  motivation,  the  sensitivity  to  loss  of 
ocupetence  and  the  inadequate  self  regulation. 

The  Phase  two  proceduree  follow  the  well  know  "coping  aodaa"  of  strsse  resaaruh 
conducted  by  Lazarus  and  Launltr  in  1981.  These  Includei 

1.  Seeking  of  information  (reduction  of  dissonant  information) 

2.  Direot  action 

;.  Action  inhibition 

4.  Intrapsychlo  prooesses  for  problem  regulation 
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We  have  found  that  the  counterineaEui*eB  used  are  highly  dependent  on  the  aituationol 
context  and  the  individual  moderatoro. 

Self  Control  Management 

Ceseneitizatlan  is  extended  to  self  regulation.  Therefore,  the  development  of  a  working 
aequenee  of  self  control  is  necessary  (Kanfar  and  Phillips  1974}.  Individuals  learn  the 
'ollowing: 

1.  Self  monitoring  of  behavior  in  problem  situations, 

2.  Self  evaluation  of  coping  techniques, 

And  self  reinforcement  of  effective  behavior.  (See  Figure  3} 


Model  of  Self  Control  Hanagament 


The  self  control  management  preoedure  not  only  addresses  stress  conditional  It  can  also 
highlight  the  different  emotional  and  cognitive  prooeaaes  that  the  client  peroelvss  as 
threatening  his  ability  to  cope.  She  oognltive  structure  of  the  task  loaa  and  tha  stress 
factors  (including  motion  stress)  and  the  organisation  of  the  individual's  behavior  in 
connection  with  the  anticipation  of  problem  solving  and  timely  regulation  are  of  primary 
importance  in  this  training. 

Inflight  PeBenBltization  and  Evaluation  (Phase  J) 

Transition  Flights 

The  ability  to  apply  the  training  and  the  evaluation  of  ita  effaotivenass  is  dona  in 
three  to  five  fllghto.  The  first  flight  (34-'l5  minutes)  ist  for  students  familiarisation 
only. 

Candidates  (students)  must  apply  self-regulation  taohnlques  inflight.  In  tha  second  flight 
(45-(i4  minutes)  definite  tssks  and  flight  manauvars  ara  assigned.  The  third  flight  (64-94 
minutes)  oonsists  of  a  demonstration  of  emerganoy  procedures  and  aerobatic  fight  manauvtrs. 
Whan  thare  are  probleaa  which  cannot  be  ocntrollsd,  the  flight  is  repeated.  Almost  all 
the  candidates  hsva  been  abserved  with  mild  symptoms,  but  in  each  oaaa  ha  has  suoosesfully 
coped  with  them.  When  uncontrollahle  symptoms  (vomiting)  oeuur  in  more  than  two  flights, 
then  the  candidate  is  attrited  from  the  training  program.  Weather  induced  delays  during 
the  AATP  are  very  detriments!  to  satisfactory  progress,  especially  in  the  transition 
flight  phase. 


Conclusion 


Tha  accent  of  our  training  program  is  on  psyohologioal  intervention  techninuaa.  In  order 
to  determine  the  psyohologioal  aspeot  of  AC  and  to  modify  it,  we  have  developed  s  program 
that  makes  possible  the  adaptation  to  unusual  Inflight  motion  oondltlons  through  better 
self-regulation. 

Important  information  about  behavior  structure,  atrass  factors  and  conditioned  at  reus 
reactions  in  the  development  of  AS  was  found  during  the  training  process.  Autonomic  arousal 
processes  with  their  perceptions,  oognitive  and  smntlonal  proaesses  and  their  subjaotlve 
evaluation  aaam  to  play  as  large  a  role  aa  unusual  phyaioal  and  phyalologloal  stimulus 
situations.  The  combination  of  phyaiologloal  adaptation  and  psyohologioal  intsrvention  appear 
to  be  a  highly  effective  antl-airaiokneas  training  program  within  epeoifio  limite  (aee  Pig. 4). 
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SU30EPTIBILITY  OF 
VSSTIBUUR  BVSTBM3 

FtK.  *n  Oountirmeaourso  of  alr-sloknaae  as  a  function 
of  paychologtoal  and  aomatlo  aaisponenta 


Thia  can  ba  aaan  through  other  authora  (Levy,  Jonea  and  Carlaon  1961,  Cereala  198J, 

Bagahaw  and  Stott  196},  Maraha  and  Roooo  196},  Loohrldge  and  Qllea  196}),  It  la  a  fact 
that  the  phyalologloal  atimull  ocnditiuna  ware  not  very  extanalve  (Kennlar,  Houk,  Bellenkea 
and  Quedry  196}),  Thla  oould  be  aeon  ae  the  reaaon  for  the  preaenco  of  pnyohologioal 
determinanta  in  the  developaent  of  AS.  In  order  to  deal  with  the  stresa  oonditiona, 
payohologiokl  gaping  mtchniana  (aelf-reguXatlon)  muat  be  given  equal  aignificanoa  and 
oonaideration.  Ihe  combination  of  theae  coping  aothodologiea  leads  to  aenaitization  and 
ultimately  to  a  deaenaitlzation  of  peroaptlona.  She  instruction  about  personality  traita, 
behavior  oharactei'istica  and  stress  reaotions  give  the  individual  an  adequate  frame  of 
reference  for  problem  orientation  and  nativity  management. 

Physical  fitness  training  and  relaxation  training  seem  to  aucentuate  the  emotional 
reactions.  As  for  the  relaxation  procedures,  different  toohniquea  may  have  to  be  used. 

This  is  due  to  there  being  no  one  technique  being  better  than  another.  Uaoh  is  highly 
Individualiutic  in  nature  and  are  considered  successful  when  the  candidate  is  able  to 
control  his  autonomic  responses.  'Ihereforo,  it  ia  neoesaary  to  define  individual  arousal 
parametera  and  to  decide  upon  an  adequate  relaxation  technique.  She  impertanoe  of 
biofeedback  techniques  has  been  proven  (Levy,  Jones  and  Carlaon  I981 I  Covings  end 
Hoscano  1982))  however,  thia  importance  should  not  be  overestimated  (Qardner  I982).  the 
teohnical  equipment  dues  nut  guarantee  effeotlve  self  control  in  a  real  situatbn  and  it 
does  not  replace  the  experienced  clinical  speotalist.  Mental  training,  desensitluation, 
and  self  oontrol  management  improve  the  perception  of  cognitive  prooesses  and  tha 
discrimination  of  cognitions  versus  emotions. 


Ihe  cognitive  structuring  cf  the  tj  lining  situation  leads  the  candidate  to  an  effective 
transfer  to  reality. 

In  conclusion,  there  are  tHs  fallowing  main  rasultsi 

1.  Diagnostic  relevant  results  hss  not  only  baen  found  in  the  dlsgnoatio  phase 
but  during  the  AATP,  due  to  a  dcoraasa  of  dissimulation  tendencies  and  an 
increase  of  adaequate  self  perception  of  internal,  emotional  and  cognitive 
processes, 

2.  Deeendltlmstlon  and  Self  Oontrol  Hanaganent  does  not  primarily  regulate  or 
deaensjtlme  provocative  motion  atlmuli  but  internal  peroeptiona.  The  sffaot 
of  this  AATP  consista  in  a  habituation  of  self  perception. 

},  Adaptation  as  well  as  hon-adaptatioa  aeems  to  bo  to  ua  an  cutooma  of 

conditioned  learning  prooassoa,  most  of  which  ara  eatablishad  by  olaacioal 
conditioning  aud  reinforced  by  aelf-  atimulation  prooesaes  (operant 
conditiuning) . 

4.  Reaponalble  for  adaptation  or  non-ad&ptation  are  moderator  variables  in 
the  organism.  Besides  phyeiologloal  factora  psyehologioal  factors  has  to 
be  ooneidarad,  among  which  aohievament  motivation,  sensitivity  to  loss  of 
oompetanoe  and  Inadaequate  aelf  regulation  seem  to  be  most  relevant. 
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5-  Prediction  of  motion  nioknena  would  probably  bo  nuch  more  valid  and  reliable 
whan  We  add  psychologically  defined  scores  to  the  scores  of  susceptibility 
based  on  laboratory  motion  testa. 
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The  affect  of  significant  and  paralatent  alratcknaaa  on  the  capability  of  operational  pllota  la  wall 
known.  Tha  affact  of  alralckneas  on  the  prograaa  of  atudant  pilots,  who  are  affected  such  mora  frequent¬ 
ly,  la  equally  well  known.  For  yaara,  ouc  pradacaeaora  have  had  few  options  In  dealing  with  alrsleknaas 
which  would  give  such  filers  a  fair  ctunca  to  adjust  to  tha  strasaaa  of  flight,  In  order  to  avoid  dis¬ 
qualifying  ch.ni)  from  further  flying.  The  cost  of  replacing  a  trained  operational  filar  is  aubatantlal, 
parhapa  representing  over  a  million  dollars.  Tha  cost  of  disqualifying  a  student  pilot  or  navigator  li 
lass,  about  $11,000  for  a  pre-solo  student  pilot,  but  this  loss  la  still  significant  baceuae  of  tha 
numbera  of  filers  involved.  In  addition,  there  la  tha  human  side  of  the  problem.  Consider  tha  plight  of 
tha  oparatlonal  pilot,  who  not  only  must  suffer  through  tha  physical  unplsaanntneaa ,  but  also  la  con¬ 
fronted  with  a  probable  ano  to  hlr  or  her  career.  Consider  also  tha  plight  of  tha  student  filar,  who  not 
only  axparlencaa  tha  aplaodee,  hut  also  may  fasl  hlmsalf  or  haraalf  disgraced  in  front  of  paara,  and  saist 
abandon  a  much-draamad-of  future  having  high  career  potential.  Harstofora  there  was  little  to  do  onen  a 
short  course  of  medications  proved  unequal  to  tha  clinical  situation.  Now  we  have  Che  sltsmatlvs  of 
blofsedback  treatment. 

Lat  us  first  dispose  of  tha  review  of  tha  lltaracura  which  our  title  says  Chat  we  will  present.  We 
used  tha  USXFSAM  scientific  literature  databaaa  coaputarlaad  search  aystaa  and  queried  the  three  major 
databases:  KEDbIHE,  FsychoIMFO,  and  HTIS  for  tha  period  1963-19&J,  using  a  two-kaysd  code,  blnfaadbaok/ 
aircrew,  with  each  keyword  rapraaented  by  four  synonyms.  This  search  yloldeJ  17  artlolaa.  Including  two 
papors  by  Cowlnga  and  Tuscano  (1,  2)  acquired  thraa  times,  two  papers  (3,  4)  from  our  own  laboratory 
acquired  twice,  and  one  paper  by  Grayblel  (S)  saying  that  blofsedback  doesn't  work  when  subjocta  are 
exposed  to  a  questionable  provocation.  If  you  drop  back  to  ona  keyword,  biofeedback,  and  our  four 
synonyms,  vollal— tha  Tower  of  Baball  Ua  obtalnad  1400  references  docusicntlnQ  every  pusslble  conclusion, 
Wa  do  not  racoxmend  this  latter  axarclsa  to  the  practitioner  of  aerospaca  medicine  who  needs  Co  know  If 
there  Is  a  way  to  madloally  manage  or  modify  eiraickaess  without  drugs. 

What  is  biofecdbackl  It  Is  a  proceaa  which  eddresaaa  internal  physical  states  and  events.  Having 
stated  this  daflnltlon,  wa  must  step  bask  briefly  and  observe  that  nature  clearly  limits  our  awarsnass  of 
Internal  states  and  events  for  entirely  approprlata  biological  reasons:  It  It  were  not  so.  our  counolous'- 
nsss  would  be  bombarded  with  a  cecopho::y  of  stimuli  which  only  rarely  would  have  any  usefulness  to  us. 
Consider  tha  beating  haert.  If  ona  tries  hard  enough,  one  may  "sense"  It  vaguely,  but  even  to,  what  la 
one  to  do  with  this  Information  once  registered? 

Thu  aim  of  blofaadback  Is  to  assist  the  patient  In  focusing  un  tha  awareness  of  some  cluster  of 
Internal  statas  or  events.  In  developing  skills  to  modify  or  noderste  that  cluster,  and  than.  In  tha  serv¬ 
ice  of  biologic  utility,  to  allow  that  awaranaaa  to  fads  away,  so  that  tha  cluster  once  again  has  been 
Internalised,  while  tha  ekllls  for  Its  modification  or  modaratlon  are  mslntalnsd.  It  Is  tha  enhancae:tot 
end  control  of  biological  awarensss  as  a  state  of  consclousnaas  (().  Tha  and  product,  then,  la  salf- 
ragulatlon  of  intarnal  events  or  states  which  previously  resulted  In  distress.  The  process  Is  much  like 
that  uf  learning  a  motor  skill,  wherein  the  conscious  awarensss  uf  ths  sequenot  of  motor  events  Is  high 
early  in  the  ler.rnlng,  but  progreseos  to  sn  Intemallaed,  coordlneted  response  se  proficiency  te  sohlsved. 
Those  of  you  who  have  learned  to  ride  bicycles  will  recognlae  this  sequence.  Feedback  Is  cruolsl  to  both 
of  thasa  processts. 

He  may  make  soma  other  obeervstlone  about  blofsedback  as  e  tharapautlc  tool.  It  appears  that: 

— Blofsedback  can  enhanct  ptograttlve  relaxation 

—Blofaadback  can  rtduet  anxlaty  symptoms 

—Blofaadback  sukas  the  patient  more  willing  to  accept  ths  therapist 't  Intscpratatlona  and  luggse- 
tlons 

— Blofsedback  helps  ths  patient  feel  that  his  problaai  Is  under  hie  own  control,  Inoraesai  his  aelf- 
confldenco,  end  gives  him  hope  tor  tha  future 

—Blofsedback  la  mors  sftscilve  under  those  conditions  which  feollltete  trensferauca)  tha  tliereplet 
must  convey  warmth,  genuine  conoern  and  empathy 

— Blofaedback  works  beet  when  the  therapist  tiarvae  es  a  faollltator  to  help  the  patient  Integrate 
his  ucdaratendlnge  end  skilli  Into  a  new  approach  to  ths  problem. 

Is  blofsedback  a  "necessary  and  sufficient"  procaae  In  the  sense  that  the  biologist  describee  neces¬ 
sary  end  Bufflolant  stimulus?  Clearly  not.  Hony  things  go  on  during  blofaadback  treatment,  Consldur 
tha  fallowing,  which  must  be  co-prooeesae: 

— Aesartlvenass  training  way  be  an  important  sapaot 

—Acquisition  of  mora  ganaralissd  coping  ekllls  nay  occur 

—Concerned  attention  from  a  health  care  provider  may  be  Important 
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— Systematic  desensltlzatlon  while  treating  the  anxiety  may  play  a  role 

— Potltive  change  in  lifistyle  may  occur. 

Is  biofaedback  rha  only  approach?  No,  thera  are  other  ways  to  altar  psychophyalologic  functions. 

Barber  (7)  idantifias  hypnosis,  autohypnoala,  autogenic  training,  autoauggaatlon,  diract  auggaatlon,  nadl- 
tatlon,  hatha  yoga  and  ralaxatlon  training.  Relaxation  nay  ba  tha  key  work  herai  ralaxatlon  la  clearly 
important  as  an  Inharant  pact  of  biofaedback  therapy.  Relaxation  tachniquas  are  tha  one  part  of  tha  traat- 
mant  procaaa  which  tha  patient  can  taka  home  and  praotlca,  and  those  patients  who  do  so  improve  thalr  potan- 
tlal  for  a  succasafiil  therapeutic  outcoma.  Houavar,  one  should  noto  that  in  tha  two  laboratoriaa  where 
ai.raicknasa  la  tha  canter  of  attantion,  biofaadback  or  autoganlc  feedback  training  which  includes  biofaad- 
back  is  usacl.  Ws  know  of  no  systematic  studlaa  on  or  applications  of  tha  other  approaches.  On  tha  other 
hand,  a  clinical  study  by  liochridga  and  Giles  (B)  reported  93%  succsss  with  a  combination  of  Bariny  chair 
stimulation  and  almultanaous  relaxation  tsohnlquaa  whan  appliod  to  a  population  of  military  student  pilots 
with  recurrent  alralcknasi  during  their  first  few  flights.  Thaae  studsnts  rscaivad  ons  to  thrss  one-hour 
saaaions  of  slmulcanaous  vsatlbular  stiaulatlon  and  relaxation  training,  between  which  thalr  flying  train¬ 
ing  schedule  continued  uninterrupted , 

Does  biofaadback  treatment  for  airsickness  always  work?  Mo,  it  falls  approximately  one  time  out  of 
four,  if  one  uses  return  to  ths  cockpit  as  the  measure  of  success ,  Our  axparlsnca  sasma  to  be  Ilka  that 
of  the  UiS.  Navy  <9),  where  biofaedback  is  used  to  treat  a  variety  of  problws  assoclatad  with  anxiety 
about  flying,  and  at  tha  German  Institute  of  Aviation  Madicina  (10),  where  a  variety  of  atraai  reactions 
In  military  pilots  are  trsated.  ' 

As  anothur  way  of  looking  ut  the  utility  of  biofaedback  in  tcsatlng  airalcknass,  consider  two  studies 
from  the  Autogenic  Feedback  laboratory  at  NASA  Ames  Raseoroh  Canter.  In  tha  first  study  (1),  subjects 
wars  assigned  to  one  at  four  groups  based  on  motion  slchaase  susoaptlbllity  and  wars  treated  as  follows  I 
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The  outcome  of  ths  study  was  as  followst 
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In  ths  second  study  (1),  subjects  wars  assigned  to  one  of  three  groups  based  on  motion  sloknaBs 
ausoeptlbilltyi  with  the  following  traatmant  and  resulhst 
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Tha  point  balng  pursued  in  the  last  few  paragraphs  le  that  ell  of  us  have  sosm  awarsnsss  of  internal 
states  and  ptooasses.  Individual  diffecencas  sra  large,  but  for  each  of  us  that  potential  for  the  develop¬ 
ment  of  self-regulation  can  smerge"and  under  e  variety  of  oondltlons.  It  appears  that  tha  acquisition  of 
that  skill  proceeds  sura  cfflciantly  whtn  biofaadback  of  the  procssses  Involved  Is  used. 
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Xt  Is  sppropirlsto  at  this  point  to  desctlbs  th«  program  at  tha  USAF  School  of  Aarospacs  Madlclne  which 
uses  hlofeedhach  In  tho  trcAtmenl  of  chronic^  severe  alrslcknese,  Levy  et  aX.  (3)  describe  the  major  steps 
In  the  programt 

•—Candidates  for  therapy  are  Identified  by  operational  personnel 

— They  ere  carefully  ecreenad  during  an  Intake  intervlau  to  Insure  high  motivation,  and  to  rule  out 
Intarourrent  aadlcally  disqualifying  physical  oondltlonsj  medical  consultation  la  obtained  If 
Indicated 

— Xntrapsychlc  factors  which  might  Interface  with  traatment  are  axplorod,  including  ambivalence  or 
anxiety  about  flying 

— Tha  blofeedback  techniques  and  InstrunantaClon  ace  fully  explained 

—The  patient  le  Instructad  In  ralexatlon  exarclsea,  given  written  lOBtructlons,  snd  told  to  practice 
la  hie  or  her  room  for  a  day  or  two  prior  to  treatment 

—Traatment  seaslons  are  given  in  a  biaxial  Coriolla  atlaulatlng  chair  which  cotataa  at  up  to  20  rpm 
and  can  tilt  40  dagrees  to  tha  left  or  right  while  rotating 

— Two  lasatons  par  day  are  given,  for  a  maximum  of  twenty  aaselona. 

The  focus  le  on  the  recognition  of  early  symptoms  of  motion  alcknaae,  and  the  use  of  relaxation  techniques, 
monltocad  by  the  feedback  of  awoat  cate  and  of  aurfaoe  akin  tamparatura  (both  from  the  flngera  of  tha  left 
hand)  to  let  Che  patient  know  whan  the  relaxation  tachulquos  are  working. 

Undax  thla  roglaa,  tha  patient  loama  to  attend  to  tha  priounltory  aymptoma,  rather  than  trying  to 
BUppraaa  or  Ignore  than.  Ha  or  aha  laama  which  ralexatlon  tochnlqua  worka  baati  deep  muacla  roloxatlon, 
active  or  paaalve  mantel  Isuigary,  abdominal  breathing  alallar  to  yoglc  breathing,  or  attention  primarily 
to  the  feedback  dlala  or  tona.  Once  a  particular  method  la  Identified  as  affective,  ite  uaa  la  anooucagad. 
Fliat  tha  patient  laarna  to  ralax  and  make  tha  aleknaaa  aubeide,  then  tha  technique  la  refined  and  aocal- 
aratad  until  It  takta  only  a  taw  aaconda  rather  than  aavoical  minutaa,  and  finally  It  la  practlead  while 
mentally  diverting  axarclaaa  era  parformod  alaultaneoualy.  Since  there  la  aoma  acoonmodatlon  to  tha  con¬ 
comitant  vaatibulai  atlaulatlon,  tha  chair  muat  ba  rotated  faetar,  and  tha  lateral  motions  must  ha  given 
more  suddenly  and  cloaar  together  In  ordat  that  tha  thraohold  of  aymptoma  la  atlaulatad.  Tha  patlanta 
ata  not  conditioned  not  to  gat  aloki  they  art  taught  hew  to  control  tha  aymptoma  whan  they  occur. 

Wa  had  a  protcool  In  the  mld-l970a  which  amphaaiiad  raloxatlon  and  conditioning  to  vtetlbular  atlaull. 
This  study  was  never  repotted,  but  uaa  able  to  ratum  about  40X  of  tha  patlanta  to  flying  dutlaa.  Tha 
currant  itudy,  which  will  reach  Its  and  whan  the  two-yoat  followup  of  tha  lait  aubjaot  la  ended  In  June 
19B4,  la  cucrontly  about  7SZ  auocasaful.  Thua,  uaa  of  tha  blofaadbaok  modalltlai  In  tha  dynamic  Coriolla 
chair  envlrcnmant  waa  much  more  affective  In  ratutnlng  our  fllera  to  opaiatlcnal  flying  than  waa  tha 
relaxation  training  and  daaanaitlxation  alona. 

Active  control  at  alreicknaaa  by  btnfcadbaok  training  la  poaalbla,  and  offara  a  new  approach  to  the 
control  of  thla  dlatraaalng  eyndtome  bayond  patalva  accuMOdatlon  end  beyond  madlcatlona. 
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PIBWSSIPH 

PRICE;  I'd  llk«  to  *<k  all  thrac  apaakart  If  thay  plan  to  follow  up  lonE-tara  tha  paopla  thay 
hava  conaldarad  auccaaaaa  baeauaa  ama  of  tha  akparlaacaa  in  thia  buainaaai  bahavior  aodificatlon  and 
bio-faadback,  ace  that  tha  patient  auiy  calapaa  aaivaral  yaaca  down  tha  road  and  onea  again  hava  tha 
aaaa  kinda  of  raaetiona  to  wbatovoc  atcaaa  it  ia.  So  1  would  aak  you  if  you  have  piano  for  follow-up 
of  your  auccaaaaa. 

JONES;  Wa  hava  followad  thaaa  paopla  for  two  yaara  and  that  ia  about  aa  far  aa  wa'ra  going  to  go 
with  it.  Vo  hava  no  avidanca  of  ohangaa  aftar  tha  tirat  year  follow-up  and  it'a  vary  difficult  to 
kaap  up  with  air  force  pilota.  Ha  hava  aowa  who  hava  gotten  out  of  the  aarvica,  for  inatanca. 

KEHW.ES:  Ha  hava  tha  axparianca  that  tha  «ora  tlaw  paaaaa  the  batter  they  are  in  flying,  da  wd 
look  at  tha  paopla  wo  had  in  19S3|  19  of  23  are  atill  doing  wall. 

8T0XT;  I  have  ahowad  you  fall-out  data  tor  the  paat  tan  yaara.  It'a  axtrinaly  reliable  for  tha 
past  three  yaara.  Parbapn  a  littla  bit  daflciont  in  tha  praceding  tiwa  but  wa  continue  to  follow  up 
for  at  laaat  five  yearn,  at  laaat  that'a  our  intention.  It'a  dona  on  an  inCoraal  baaia  at  praaant 
ainply  bacaute  airertw  let  ua  know  what  ia  happening  to  tbaoi  and  wa'ra  vary  grateful. 

eSAKFTOK:  Colonel  Jonaa,  hava  you  dona  any  control  axparinanta  with  biofaadback,  that  it,  taking 
the  tignala  coaling  on  tha  auiatura  and  tnaparatura  of  tha  hiutd  and  giving  tha  patient  aither  bogua  In- 
foruation  or  inforaatlon  that  will  acoantuata  the  ratponaa? 

JONES:  No,  wa  have  not  dona  that  and  tha  '.'aaaon  ia  on  ethical  one.  Ha  are  thaaa  paoplaa  laat 
chanoa  to  fly  and  tinea  wa  have  to  coordinate  with  tha  air  training  conaand  and  accatoh  S  extra 
flighta  out  of  thair  tight  budget,  to  axparinent  within  our  own  paranetara  and  find  out  that  tooiething 
waan't  working  night  coat  that  nan  bit  career.  Ha  are  rather  in  a  poaition  of  the  paopla  that 
ditoovered  you  could  atop  rbaunatic  favor  with  paneillin  and  how  in  tha  world  do  you  uaa  tone  othar 
drug  whan  you've  got  one  Chet  worka  all  tha  tina.  I  hope  in  the  future  to  be  able  to  contract  with 
tha  training  conund  to  give  no  two  ohaneaa  at  an  individual  to  wa  can  try  acnathing  alaa,  nayba  try  a 
ahortar  period  or  a  nora  ttapla  tachniqua.  I  appraoiata  what' a  behind  your  quaction  and  I'n  at  ourl- 
oua  about  that  aa  you  ara,  but  wa  hava  net  uaed  any  double  yoke  aubjeota  or  ahan  aignala  or  anything 
alaa. 


KEMKLERl  Dr.  Stott,  I  nutload  that  in  the  photograph  of  your  acoalerator  the  cubjact  it  ktaping 
hit  head  bant  anywbera  botwaan  30  to  ds"  ao  1  would  Ilka  to  aak  you  what  kind  of  atinulua  you  think 
tha  vaatibular  ayittoi  racalvadl  Ooabinad  X  and  Z  atiwulation,  or  was  tha  head  fixed  in  your  axpari- 

nanta? 

STOTT:  Mo,  wa  dallherataly  don't  fix  the  head.  Our  intention  it  that  thi  lubject  thould  naka 
head  aovtBantt  while  ha  it  undargoiog  otcillation, 

UNIDENTIFIED  SSEAXES;  Dr.  Stott,  I  think  that  aa  far  at  huaanltarlan  conoarne,  tha  detantitiaa- 
tlou  of  tha  crew  it  vary  inportant  and  praiaaworthy ,  I  alto  chink  that  the  pilot' t  ability  baa  nothiug 
to  do  with  hit  auacaptibility  to  aocion  aicknata.  Nowavar,  operationally  epaaking  don't  you  think 
that  thota  pilota  that  caaia  to  look  tor  aaalacauoa  bacaute  they  ware  unable  thtaiaelvfia  to  adapt  are 
going  to  during  thair  oeraar  neat  with  clraunttanott  for  which  they  hava  bean  unprwparad  by  tha  pro- 
grta? 


STOTT:  Onoa  a  pilot  baa  auocaaafully  datanaitiaad  ha  rarely  coaae  up  agaiott  notion  aickaaaa 
problont  abruptly  later  on  in  hit  oaraar.  At  wa  aaa  it,  the  problaa  ia  tha  paopla  ua  tea  ate  vary 
tlow  adaptora.  Tha  training  couraa  ia  not  really  ralated  juat  to  Intruducing  notion  atiwilation  in  a 
graded  taahion,  it'a  related  to  introducing  flying  akilla  in  a  graded  faahion  and  a  pilot  nay  auddenly 
be  aaked  after  ralativaly  unprovocativa  tortiaa  to  do  ipiuning,  or  acrobatioa  nay  be  introduced.  He 
feel  that  the  iaiportant  thing  it  that  thaaa  atiaull  thould  be  introducid  at  the  rate  the  cralnae  can 
abaorb  than  phytlologioally.  Once  that  ia  done  it  hat  not  iu  any  way  been  our  atparianct  that 
tralnaei  tuddanly  coaie  up  againtt  tonathing  for  which  they  hava  not  been  prepared. 

CUXDST;  Relaxation  training  and  ptychotharaupcio  training  doea  not  aaan  to  be  pact  of  tha  KAF 
progron  yat  the  percent  aucocai  aaoaia  to  be  at  laaat  equivalent  to  tha  others.  1  do  know  that  Dobia 
when  he  atarted  the  progran  hod  inforaal  paychotharauptic  natboda  that  be  used. 

STOTT:  The  paychological  atpacta  of  our  treatnent  are  not  strongly  anphaalaad,  largely  becauae 
wa  feel  that  notion  aicknata  ia  a  phytological  event  although  there  nay  be  additional  paychological 
cooiponenta.  He  faal  if  wa  can  convince  paopla  that  phyaiologically  thay  are  deaenittand  to  notion 
aicknata,  than  paychological  alneanta  in  noet  caaaa  will  fall  into  plana  quite  naturally.  Ua  still 
include  in  our  aaaetanant  progroai  a  battery  of  peyohonetrio  testa  but  we  are  inprataad  by  tha  poor 
corralation  that  axiata  batwaan  theaa  various  aeaauree  and  tend  only  to  use  thwoi  to  indioata  what  sort 
of  parson  wa  are  daaling  with,  and  to  do  nothing  nora  fomal  then  that. 
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